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Piston ring progress... 


When your heart is in what you do, 
you think about it quite a bit. 


We at Perfect Circle think constantly about piston 
rings... better piston rings...better ways to make 
piston rings. 


Now we make another step forward—a major step 
that comes from looking at piston rings in their 
functional relationship to the whole engine 
assembly. 


The pursuit of efficiency and compact engine de- 
sign creates a demand for space and weight saving. 
Pistons eventually must be made shorter and lighter 
—provided shorter pistons can be sealed effectively. 
Shorter pistons will allow shorter cylinders and 
blocks, with saving in space and weight. How can 
we seal shortened pistons? Combining the conven- 
tional intermediate compression ring and the oil 
ring appeared to bea logical solution...we are now 
confident that it is. 


After an intensive program of dynamometer and 
field testing we are now presenting the initial de- 
sign of our ring. 


This is what our new type piston ring will do: 


Save space. Reduce overall piston height up to 4%”, 
saving same height in engine block. Reduce total 
engine weight. Lower reciprocating weight. 


Control oil and seal compression as well as or better 
than current piston ring complements. 


Reduce ring friction up to ten percent. Reduce wear 
area in cylinder. 


Operate carbon-free even in heavy-duty use. 


PERFECT 


Perfect Circle's new weight-saving, space- 
saving, “101” oil and compression ring. 


When you are confronted with problems involving 
piston rings or related engine components, we would 
appreciate the opportunity to work with you in 
research and engineering. Perfect Circle Corpora- 
tion, Hagerstown, Indiana; The Perfect Circle Co., 
Ltd., Don Mills. Ontario, Canada. 
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1960 European auto engineering trends 2 


Interesting features of the new European models, including details of 
the Morris Mini-Minor suspension and the new automatic transmis- 
sion for Hillman and Singer, are revealed in this interpretative analysis, 
based on the 1959 European automobile shows.—Aubrey Pershouse 


New corrosion prevention practices 32 


Information about improvements in corrosion-prevention methods 
has recently been made available by engineers from American Motors, 
Ford, Chrysler, and General Motors. This article briefs this information. 
The ever-greater use of anti-icing materials on roads and streets keeps 
the anti-corrosion challenge strong, despite continuous, widespread re- 
search in recent years. 


Extruding hi-temp steel and pure Be _— 


New extrusion techniques for high-temperature steel and bare pure 
beryllium will meet the exacting requirements of future flight vehicles. 
Both materials are extruded in nearly the same temperature range and 
both use glass as a lubricant. (Paper No. 98U)—Lyle M. Christensen 


Tips on using Al in high-speed diesels 40 


Aluminum diesel-engine parts should be designed to take advantage 
of the various foundry processes now available in order to produce the 
most economical part. Years of designing with aluminum have made 
obvious certain details, which are of extreme importance. (Paper No. 
120U)—R. F. Schaefer 


TLA improves O.N. of leaded fuel . 42 


Tertiary butyl acetate—or TLA, as it is called (standing for Texaco 
Lead Appreciator)—gives significant improvements in the Research, 
Motor, and road octane numbers of leaded, high-octane, commercial- 
type motor gasolines. The magnitude of these improvements depends 
strongly on the amount of tel and TLA used in the fuel. (Paper No. 
127U)—S. R. Newman, K. L. Dille, R. Y. Heisler, and M. F. Fontaine 


Handling propellants safely 44 


There’s a way to handle safely every one of the various propellants 
used in missiles. But each has its special problems; each requires han- 
dling tailored to its particular difficulties. Important among the special 
problems to be met are toxicity, odor, corrosivity, inflammability, and 
sensitivity to mechanical or thermal shock. (SP-329)—L. D. Weber 


Brake fade rated by engineering yardstick 46 


Budd describes fade resistance in terms of continuous or steady-state 
horsepower. This decision was based on the fact that all automotive 
engineers know the term “horsepower” as used to describe engine power 
and also know that the brake capacity required must be in a certain 
ratio with the power available in the vehicle engine. (Paper No. 117T)— 
Paul G. Hykes and Clarence A. Herman 
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Nuclear fuel for 10’ years 52 


Fission—rather than fusion—will probably provide our principal ulti- 
mate source of nuclear energy, for one thing, because the amounts of 
uranium plus thorium available in the earth’s crust are sufficient, con- 
servatively, to take care of the energy needs of the human race for at 
least 10’ years—J. F. Black 


Materials for 600 F constant-speed drives 54 


The accompanying story describes how material and fluid problems 
were solved in two constant-speed drives. These drives were designed 
under an Air Force program to develop a 600 F airborne electrical gen- 
erator and a distribution system. (Papers No. 102T, 102U)—C. D. Flani- 
gen, S. S. Baits and E. W. Kruger 


Low-cost test evaluates ATF oxidation 58 


Use of variable test time is the key to Enjay Laboratories’ new oxi- 
dation stability test for automatic transmission fluids. It avoids the 
exaggeration of oxidation conditions to shorten test time, which is 
common to all other test methods. (Paper No. 124V)—H. E. Deen and 
C. M. Stendahl 


Rosen reports on European engine research 60 


On a recent visit to European manufacturers of diesel engines, SAE 
Past-President C. G. A. Rosen investigated multifuel systems for au- 
tomotive-type equipment design for the military . . and evaluated 
significant developments in combustion systems .. . and in materials 
and production methods.—C. G. A. Rosen 


Tests evaluate 42 TAFs and additives 64 


Five promising transaxle fluids have been screened out of 32 mineral- 
oil-base fluids, 10 synthetic-base fluids, and numerous additive-base 
stock combination fluids. While the final proof will be the field tests 
in actual transaxles, industry can speed its progress toward a suitable 
single fluid by observing the results of the many bench and proving 
ground tests adapted to transaxle fluid testing by GM. (Paper No. 117A) 
—Norman A. Hunstad, Robert A. Wilkins, Robert E. Osborne, and Ellard 
D. Davison, Jr. 


Missile guidance system OK for jets 70 


A doppler-inertial navigation system developed for missiles offers 
accurate flight control information to the pilot of supersonic aircraft. 
(Paper No. 111V).—L. S. Reel 


Engineers’ part great in buying and specifying 72 


Engineers play the dominant part in saying what parts and materials 
shall be used in the products which they design. And they often play 
an important part in deciding where those parts and materials shall be 
bought. (SP-328)—E. E. Bryant 


Sandwich sheets are now produced fast 75 


Mass-produced sandwich material promises to be competitive, cost- 
wise, with conventional structures, according to North American Avia- 
tion. The success of a pilot program brought about an all-welded 
stainless-steel sandwich 30 in. wide, at a fabrication rate of 50 sq ft per 
min. Further, the sandwich can be contour formed during production 
as well as run off in flat sheet. (Paper No. 99V)—J. W. Scheuch 
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N/D sound booth for analysis of electric motor 
noise, mounted on springs and constr 

with non-parallel walls, assures manufacturers 
e scientife solution to electric motor noise 


‘ se problems. Motors are tested with special ey 
| electronic sound evaluation equipment. | 


How ““ép Minimizes Electric Moror Noise / 


In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 


By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 


bination that results in the quietest motor 
operation. That’s why you'll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 


Re 
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Of the various methods of heat- 
treating alloy steels, one of consid- 
erable importance is that involving 
quenching and tempering. This 
method, which enhances the me- 
chanical properties of the end 
product, differs materially from nor- 
malizing and annealing (previously 
discussed in this series). 

The purpose of quenching is to 
effect a cooling rate sufficient to de- 
velop the desired hardness and 
structure. 

Before quenching takes place, 
steel is heated to a point above the 
transformation range. Quenching is 
the subsequent immersion of this 
heated steel in a circulated or agi- 
tated bath of oil, water, brine, or 
caustic; or, in the case of austemper- 
ing or martempering, generally in 
agitated molten salt baths at a pre- 
scribed temperature. Austempering 
and martempering are preferable 
where a minimum of distortion is 
desired. 

Quenching increases the tensile 
strength, yield point, and hardness 
of alloy steels. It decreases ductility 

that is, elongation and reduction 
of area. It also decreases resistance 
to impact. However, by means of 
tempering, it is possible to restore 
some of the ductility and impact- 
resistance—but only at a sacrifice of 
tensile strength, yield point, and 
hardness. 

The results of mild oil- or water- 
quenching as related to mass effect 
can be found in the end-quench 
hardenability test. Voluminous data 
concerning this test are issued by 
AISI and SAE in the form of 
hardenability bands for the various 
grades of alloy steels. 


KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion 1s elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it usefu to review fundamentals from time to time. 


If thermal cracking is to be 
avoided, cooling by liquid quench- 
ing should not be carried to a point 
below 150 deg F. When a tempera- 
ture of 150 deg F is approached, im- 
mediate tempering should follow. 
Because of residual stresses, no steel 
should be used in the as-quenched 
condition. 

Tempering can be defined as re- 
heating to a specified temperature 
below the lower critical range, fol- 
lowed by air cooling. It can be done 
in furnaces, oil, or salt baths, the 
temperatures varying from 300 to 
1200 deg F. With most grades of 
alloy steel, it is best to avoid tem- 
peratures between 500 and 700 deg 
because of the “‘blue brittleness’’ 
that occurs in this range. Maximum 
hardness and wear-resistance result 
from tempering at low temperatures; 
maximum toughness is achieved by 
tempering at the higher levels. Of 
course, one of the essential reasons 
for tempering is to relieve the resid- 
ual stresses set up in quenching. 

Bethlehem metallurgists have de- 
voted years of study to all phases of 
heat-treating. By all means call 
them if they can be of service to you. 
And please remember, when you are 
next in the market for alloy steels, 
that Bethlehem makes all AISI 
standard grades, as well as special- 
analysis steels and the full range of 
carbon grades. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Reliability Design Criteria, J. M. 
BROWN, H. L. LEVE, P. H. WHITE. 
Paper No. 101V. Approach taken by 
Hughes Aircraft Co. and consideration 
of various design criteria which include 
concepts of environments, strengths, 
strength-environment separation fac- 
tors, and allocation of unreliability 
values to elements of system; possible 
design procedures resulting from three 
types of testing; concepts and tech- 
niques for evaluating reliability are il- 
lustrated in design of mechanical ele- 
ment. 

600 F WHydromechanical Constant 
Speed Drive, E. W. KRUGER, S. S. 
BAITS. Paper No. 102T. Require- 
ments of constant speed drives to ob- 
tain 400 cycle a-c power for use on air- 
craft with speeds of Mach 3 or above; 
development program of electrical gen- 
erating system built by Sundstrand 
Aviation Div.; tabulation of require- 
ments and factors considered: block 
diagram of hydrostatic transmission 
system with mechanical differential 
feature; choice of fluid; electrical con- 
trols and other elements; friction and 
wear evaluation tests. 

600 F Constant Speed Drives — Me- 
chanical Traction Type, C. D. FLANI- 
GEN. Paper No. 102U. Problems and 
achievements experienced during de- 
sign and development, by Lycoming, of 
system consisting of variable ratio 
transmission, lubrication and cooling 
system, mechanical primary speed con- 
trol, electronic trim control, automatic 
paralleling control, and load sharing 
system for paralleled a-c generators; 
selection of transmission materials and 
lubricants; power capability; compari- 
son of mechanical and electrical devel- 
opment approaches. 

600 F Airborne Electrical System, 
J. J. PIERRO. Paper No. 102V. Fea- 
tures of Project HOTELEC for develop- 
ing major components of airborne gen- 
eration and distribution system: selec- 
tion of team approach for each major 
component with complete system di- 
vided into 12 separate development 
programs; individual programs and re- 
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sponsible teams outlined: technical 
management approach taken by North 
American Aviation, Inc. in charge of 
directing and coordinating whole pro- 
gram; material developments; subcom- 
ponent developments; major compo- 
nent designs. 

JT12 Pratt & Whitney Aircraft’s 
3000 Lb. Thrust Turbojet Engine, D. G. 
PHINNEY. Paper No. 103U. Back- 
ground and development program; list 
of current applications for engine; se- 
lection of airflow capacity of engine at 
approximately 50 Ib/sec; factors con- 
sidered in choice of 9-stage compressor 
to maintain max relative Mach number 
at 1.0 and average stage pressure ratio 
at 1.24; use of IBM calculation in com- 
pressor design procedure; comparison 
of JT12 with JT4 relating to various de- 
sign features. 

Future Applications of Ducted Fan 
Powerplants, N. BURGESS, A. P. FI- 
ORETTI. Paper No. 103V. Basic con- 
cept of ducted fan engine; review of 
mechanical concepts presently used; 
three basic arrangements are shown; 


propulsive efficiency for turbojet, tur- 
boprop and ducted fan engines is inves- 
tigated with respect to basic parameter, 
i.e., specific engine net thrust based 
upon gas generator air-flow, referred to 
as Fn/Weg; it is shown that ducted fan 
is superior to turboprop for high sub- 
sonic cruise and superior to turbojet in 
four areas; developmental possibilities. 

Elevated Temperature Testing of 
Flight Vehicle Materials, A. V. LEVY, 
E. C. BERNETT. Paper No. 104T. 
Test work carried out by Materials and 
Process Laboratory of Marquardt Corp. 
to explore impact of new environments 
to which material is subjected such as 
rapid heating to extremely high tem- 
peratures, rapid, constant, and vibra- 
tional loading, and combinations 
thereof under atmospheres of partial 
vacuum, corrosive media, air, particle 
bombardment, and radiation; factors 
taken into account in determining 
strength of material. 

Applications of Current Materials to 
Hot Airframe Design, M. B. DUNN, 
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M. D. MUSGROVE, O. T. RITCHIE. 
Paper No. 104U. Design of “unpro- 
tected” structures subjected to severe 
thermal environments; structures dis- 
cussed are built-up “flat plate,” cylin- 
drical and conical shells, and thermally 
nonredundant configurations which do 
not employ artificial cooling systems, 
but exploit radiant cooling and thermal 
characteristics of materials; additional 
design factors are sonic fatigue, panel 
flutter, aerodynamic smoothness, and 
general flutter; material selection. 
Analytical Techniques for Prediction 
of Temperature Distribution of Cold 
Plate Equipment Conditioning System, 
T. S. NEWBY, G. M. BELLER. Paper 
No. 105T. Miniaturized aircraft elec- 
tronic equipment requires cooling by 
cold plate techniques; lumped network 
approach used in problem of finding 
temperature distribution; two methods 
are presented; matrix method requires 
that heat balance equations for several 
lumps be arranged in matrix array; in- 
version at matrix produces lump tem- 
peratures; particulars of alternative 


thermal analyzer method. 

Optimum Joint Design for High- 
Temperature Honeycomb Panels, F. J. 
FILIPPI, B. LEVENETZ. Paper No. 
99U. There are two basic approaches 
to design of joints in optimization of 
sandwich itself: pictorial design proce- 
dure, concerned with optimizing one 
type of structure such as honeycomb 
sandwich, and analytic design differing 
in that optimization is primarily inter- 
preted as achieving best load transfer 
at lightest weight, irrespective of type 
of structure necessary to accomplish 
transfer; both approaches are dis- 
cussed; pertinence to aircraft and mis- 
siles. 

Structural Foil for Hot Parts, M. J. 
BREITENBACH, B. LAKE. Paper No. 
99T. All spotwelded, foil-gage struc- 
tural material ‘““MiniWate,” developed 
by Ryan Aeronautical Co., is single skin, 
corrugation stiffened structure de- 
signed to eliminate blind spot welds, 
simplify inspection, and reduce manu- 
facturing costs; basic technique and 
welding machines can be used to han- 
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dle most metals such as L605, AM355, 
15-7Mo, 17-7PH, A286, 321 and 301 
steels, pure Ti 6AL4V, and all Beta al- 
loys; sample products and design prob- 
lems; pertinence to aircraft and mis- 
Siles. 

Mass Produced, All Welded, High 
Temperature Sandwich, J. W. 
SCHEUCH. Paper No. 99V. Develop- 
ment of production process and ma- 
chines for fabrication of resistance 
welded steel sandwich called “Space- 
metal,” made by Missile Div., North 
American Aviation, Inc., for aircraft 
and missile applications; background 
of process, description of core forming 
machine and welder where corrugated 
core and facing sheets are joined: 
quality control process employed for in- 
specting finished product; material 
properties and applications. 

Material and Structural Damping for 
Vibration Control, B. J. LAZAN. Paper 
No. 100U. Importance of near-resonant 
vibrations in aircraft or space vehicle 
structure and role of system damping: 
component parts are analyzed within 
framework of hysteretic damping as- 
sociated with interface slip or Coulomb 
friction, and shear strain in adverse 
layer at interface; analytical concepts 
for maximizing sheer damping in in- 
terface adhesive by design optimization 
procedures. 

Selection of Methods and Instru- 
ments for Vibration and Shock Testing, 
T. P. RONA. Paper No. 100V. Prin- 
ciples governing establishment of ra- 
tional shock and vibration testing pro- 
grams such as for high performance 
aircrafts and space vehicles; definition 
of test objectives which comprise proof 
of compliance, design and workman- 
ship; parameter adjustment, and en- 
durance life prediction: establishment 
of logical flow pattern and block dia- 
gram; elements of component analysis, 
test machinery and instrumentation; 
consistency and compatibility checks. 

Increased Reliability of Aviation and 
Missile Electronics by Use of Damped 
Structures, J. E. RUZICKA. Paper No. 
100Y. Increased reliability of aviation 
and missile electronics depends on con- 
trol of elastic body resonances that 
amplify transmitted vibration; proper- 
ties of simple lumped parameter relax- 
ation system are used to evaluate fun- 
damental mode characteristics of given 
relaxation damped structure design; 
results of dynamic response tests indi- 
cate that structures using visco-elastic 
damping materials appear promising. 

Considerations in Design of Shock 
and Vibration Tests, I. VIGNESS. Pa- 
per No. 100X. Tests are usually estab- 
lished on basis of maximum intensities 
of shock and vibration that occur in 
field and for locations at which equip- 
ment may be used; it is shown that 
shock and vibration specifications 
based on maximum values of measured 
field environment may cause incorrect 
tests; effects of equipment-foundation 
reactions; development of vibration 
specification for hardware for new type 

continued on p. 128 
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SPECIFY SHARON STAINLESS 


Sharon Stainless Steels have proved through use to be of consistent 

J high quality, uniform, bright and smooth with a dense finish. For 

both interior and exterior fittings you will find Sharon can s 

your need exactly with the tolerance 

product requires for greatest appeal and du 

Consider too, Sharonart*, Sharon Steel's exciting new rolled-in surface 
steel—opening a new breadth of design flexibility for the 

Sharonart*, made of stainless steel will reflect an infinite va 


atterned 


riety of color and texture 


combinations. Many beautiful patterns available 
For the stainless you need to make your product better 


get in touch with your 
Sharon representative—or write us direct 
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BEST WAY TO CUT 


Goodyear’s new, truer rim is made to finest tolerances yet. 
It provides a better balance for smoother, steadier rolling 


From Goodyear comes another important advance 
in rim manufacture, one that promises to help 
conquer those perennial foes of smooth riding— 
lateral and radial run-out, better known as wobble 
and hop. 

Me The secret of this new development is in exclusive 

TNE aE US ae Ur Goodyear design—in closer tolerances which pro- 
duce a truer rim and true-running performance. 


, Buy and specify RIMS by au @ > t} | 
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Added benefits: greater tire mileage, lower mainte- 
nance costs, too. 

What’s more, with these new improved rims you 
continue to get other tire advantages—such as bet- 
ter tread wear, reduced sidewall and bead failure, 
less tread cracking. 


So more than ever, it makes good sense to buy and 
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specify Goodyear Rims—job-fitted by Goodyear to 
insure longer rim life, longer tire life. See your 
local rim distributor, or write: 

Goodyear, Metal Products Division, 

Akron 16, Ohio. 


Send for free Goodyear Rim Catalog—84 pages 
of facts and pictures on Goodyear’s com- GO@OBJVEAR 


plete line of rims for every type of vehicle. 7 


More tons are carried 
on Goodyear Rims 
than on any other kind 


Watch the award-winning Goodyear Theater on TV every other Monday evening 
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how much Dust 
can a filter 
collect? 


if it uses 


WESTERN FELT! 


Such efficiency is possible in a Hersey reverse- 
jet filter with particle size of 5 microns and a 
pressure drop of 1% inch of water. 


Felt can be used to filter solids from solids, 
solids from liquids, or solids from gases. It is 
used effectively in fuel filters, air filters, 
chemical filters, respirators, or dust collectors. 


Microscopic barbs on the live fibers of 
Felt make felt the ideal filtering medium. 
These scales collect and hold dust parti- 
cles. They also encourage “build-up” or 
caking which actually increases filter effi- 
ciency. At the same time, their natural 
interlocking action holds fibers tightly 
together, through years of flexing. 


For helpful engineering information on filtration 
felts, write 


WESTERN 


Dept. S 
4021-4139 Ogden Ave 


Chicogo 23, lil. Wo R K id 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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< te ; Announcing! 


Logpoo* 


NATIONAL UNITSEAL 


Flanges, if desired, are available to 
simplify positioning and removal 


(TRADEMARK) 


National UNITSEAL has integral wear ring presenting 
rubber surface to shaft. Wear ring turns with shaft, 


sealing lip is never exposed to damage, cannot score shaft. 


A new unitized oil-seal-and-wear ring that eliminates: 


SHAFT WEAR OR SCORING 


SEPARATE METAL WEAR SLEEVES 


EXPENSIVE SHAFT FINISHES 


COSTLY SHAFT RE-MACHINING 


SEALING LIP INSTALLATION DAMAGE 


SPECIAL INSTALLATION PROCEDURES 


New National UNITSEAL is now in production, in a 
limited range of sizes, for heavy oil and grease sealing 
applications — including truck, bus and tractor uses. 
Still newer UNITSEALS are on the way for higher 
speed automotive and similar uses. 

Changing a National UNITSEAL automatically 
changes the wear sleeve — in one fast operation. 
Since the seal has its own integral wear ring, it is 


almost impossible to install it other than squarely 
on the shaft. Expensive shaft finishing is no longer a 
necessity, nor is leakage under a metal wear ring a 
problem—both thanks to the rubber surface UNIT- 
SEAL presents to the shaft. 

Get complete details today; write direct, or call your 
National Seal Applications Engineer. He’s in the Yel- 
low Pages, under Oil Seals. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 

6013 and Downey, California 
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Performance 
Cuperiority at 
Economical Cost 


Engineered 


*%& FOR HIGHEST WEAR RESISTANCE 
*& FOR COOL OPERATION 

* FOR MINIMUM OIL CONSUMPTION 
*& FOR MINIMUM WEIGHT INCREASE 


% FOR ECONOMICAL COST 
Design adaptable 
We suggest an immediate test of to any type piston 
these advantages for your engine. 


@,_ENGINEERING ADVANTAGES OF ZOLLNER ‘CONTINUOUS PERMA-GROOVE”’ 


TOP FRONT CY 
SECTION 


1. Cast-anchored—no bimetal expansion problem. 4. 40% aluminum bearing area exposed for heat 
2. Dovetailed edges keep insert securely in place. conductivity and cool operation. 
3. .100% steel bearing area for wear resistance. 5. Light in weight. 


ZOLLNER CORPORATION + FORT WAYNE, IND. 


FOUNDRY 
a DIVISION 


: — oa HEAVY DUTY 
a <7 PISTONS 


he 
PRECISION PRODUCTION FROM ENGINEERING TO FOUNDRY TO FINISHED PISTONS 
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Want to save with plastic tools and dies? 


Your EPON’ RESIN tooling 


Tools and dies made of tough but easy-to- 
handle Epon resin can save you up to two 
thirds in time, one third in cost! Your 
tooling resin formulator will show you 
how Epon resin formulations are saving 
time and money—right now—in applica- 
tions such as: 


High-temperature tooling: Metal-forming 
stretch dies that can operate at temperatures 
over 400° F. 


Heated tools: Matched dies, with integral 
heating units, may be made with Epon resin 
formulations for rapid heat-curing of lami- 
nated plastic parts. 


formulator can help you 


Long-lasting metal-forming tools: Castings 
made of formulated Epon resin, mounted in 
a crank press, showed no permanent deform- 
ation after 28,000 compression-shock cycles. 


For tool and die applications, Epon resin 
formulations offer you the following impor- 
tant advantages: 


Excellent tolerance control: Little machining 
and handwork are required to finish Epon 
resin tools because of the material’s excellent 
dimensional stability and lack of shrinkage. 


Outstanding strength: Jigs and fixtures with 
thin cross sections can be built from Epon 
resin-based formulations reinforced with glass 


cloth. The resulting laminate has high flexural 
strength and excellent dimensional stability. 


Easy modification: Tools and fixtures made 
from Epon resins may be quickly and easily 
modified to incorporate design changes. 


CONTACT YOUR 
TOOLING RESIN FORMULATOR 


The combination of resin formulator’s skill 
and application knowledge, backed by Shell 
Chemical’s research and resin experience, has 
solved many important tooling problems for 
industry. For a list of experienced tooling 
resin formulators and additional technical 
information, write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 


50 WEST SOth STREET, NEW YORK 20, NEW YORK 


Central District 
6054 West Touhy Avenue 
Chicago 48, lilinois 


East Central District 
20575 Center Ridge Rood 
Cleveland 16, Ohio 


Eastern District 
42-76 Main Street 
Flushing 55, New York 


IN CANADA. Chemical Division, Shell Oil Company of Canada, Limited, Toronto 
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REDUCE 
UNIT 
STRESS 


Z (4 with 
a j : ~ Eaton Flat-Face 
Self-Aligning Tappets 
and 
Hydraulic Valve Lifters 


2749890 


THE EATON WAY 


Spherical-face tappets make only limited area contact 
with the cam. Result: high unit stress, damaging wear, 
and pitting. 

ee 
Conventional flat-face tappets lower unit stress, but their 
use has been limited by misalignment and deflection, re- 
sulting in edge-riding. 

a 


Eaton Self-Aligning Flat-Face Tappets permit FULL 


CONTACT between cam and tappet under all operating THE OLD WAY 


conditions. 


~ *% * , ° 
If you are interested in 


Lower unit stress adds to tappet and hydraulic valve lifter longer tappet and valve lifter life, 
life, and reduces engine maintenance cost. call us for a consultation. 


SAGINAW DIVISION ——————— 
MANUFACTURING COMPANY 
9771 FRENCH ROAD + DETROIT 13, MICHIGAN 


BD ncoucrs. Engine Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet Engine Parts * Hydraulic Pumps 
Truck and Trailer Axles * Truck Transmissions * Permanent Mold Iron Castings * Automotive Heaters and Air Conditioners 
Fastening Devices * Cold Drawn Steel * Stampings * Forgings * Leaf and Coil Springs * Dynamatic Drives and Brakes 
Powdered Metal Parts * Gears * Variable Speed Drives * Speed Reducers * Differentials * Centralized Lubrication Systems 
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MOLDED FIBER GLASS 


AUTOMOBILE 
PRODUCED 
IN MATCHED 
METAL DIES 


All photographs are unretouched. 


Siar 
OLDED ul 


Fo-: 


co 


tf 
Nv 
MITT TIT ae 


It was built in June, 1954, for presentation at the 
National Plastics Exhibition in Cleveland, and has 
had continuous, hard use ever since. 


NOTICE THE PERFECT CONDITION 
OF THE BODY. 


This car has been driven 125,000 miles. For three 
years it has been driven in and around Ohio — 
where road chemicals are in use five months of 
the year. For two years it was in Florida’s salt air 

. with “MFG” Boat salesmen trailering boats 
behind it most of the time. 


THERE IS NO RUST, CORROSION OR 
OTHER DETERIORATION OF THE 
MOLDED FIBER GLASS BODY. 


The car hit a deer in the Pennsylvania mountains 

. right front fender. It ran into a stone fence 
later... left front fender. It has had a few scrapes 
with other autos. These impacts have caused only 
small, local damage, quickly and easily repaired. 
The tough impact-resistant body has never been 
out of shape or dented. It has been repainted once 
— for appearance only. 


NO BODY PARTS OR SECTIONS OF BODY 
PARTS HAVE EVER BEEN REPLACED. 

Maybe your products, too, could be made better 
with MOLDED FIBER GLASS. Our engineers will be 
glad to go over your drawings . . . call, write or 
send for literature. 


MOLDED FIBER GLASS BODY COMPANY 


4639 Benefit Avenue, Ashtabula, Ohio 
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START BEtTer- 
BETTER CTADT 


WTNBENDIX | 


During the 


planning. w 


1 
nave he< ome 


these units ; 


DRIVES 
ei if 


last half century, many automotive engineers have begun their power plant 
th the starter drive proved in 130,000,000 installations. Bendix* Starter Drives 
e the standard of dependability for automotive vehicles. In fact, 
hoiece for aircraft, earth movers, inboard and outboard 


ire aiso first ch 


marine engines. Whatever the type of internal combustion engine, you can 


start it better—and more dependably—with a Bendix Starter Drive.  ssee.us. nsr.orr. 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 
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Announcing... 


GON g ReGr 


DELCO MAD 


High Quality From the leading manufacturer of power transistors, new Silicon Power Rectifiers 

to meet your most exacting requirements. Even under conditions of extreme 
temperatures, humidity and mechanical shock, these diffused junction rectifiers 
continue to function at maximum capacity! Thoroughly dependable, completely 


High Performance 
«5 ses liable—new Delco Rectifiers are an important addition to Delco Radio’s high 
Extreme Reliability ~......., : 
quality semiconductor line. 


Conservatively rated at 40 and 22 amperes 
for continuous duty up to case temperatures of 150°C. 


IN1191A 1.2V at 60 amps. 
1N1192A 1.2V at 60 amps. 
1N1193A , 1.2V at 60 amps. 
1N1194A P 1.2V at 60 amps. 


1N1183A ° 1.1V at 100 amps. 
1N1184A Pp 1.1V at 100 amps. 
1N1185A ° 1.1V at 100 amps. 
1N1186A 


i 


‘ie! 


440 01 Ye 


> 440 --+--— 1000 MAX 


—.800 MAX —= 


at 150°C case temper- 
ature and rated PIV 


For full information and applications assistance, contact your Delco Radio representative. 


Newark, New Jersey Chicago, Illinois Santa Monica, California 
1180 Raymond Boulevard 5750 West 51st Street 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465 


Division of General Motors * Kokomo, Indiana 
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OIL 
SEALS 

in Design 
Engineering 


KLOZURE Oil Seals are available with (a) finger 
spring, (b) with combination finger and garter 
spring, (c) with garter spring, (d) bonded spring- 
less, and (e) split. 


SELECTING THE 
SEALING ELEMENT 


Efficient and durable oil seals in your 
product depend largely on selection of 
the proper sealing element. Following 
are several KLOZURE* elements that 
Garlock offers for different applications: 


Nitrile Rubber Elements. This special 
compound is standard on Garlock 
KLOZURES. Oil resistant, tough, 
resilient, and free running, it with- 
stands temperatures from -—40° to 
+250° F constant. 


Silicone Rubber Sealing Elements used 
in Garlock KLOZURE oil seals have 
excellent resistance to low-swell min- 
eral oils and some chemicals. Tem- 
perature range from —70° to +450° F. 


Viton** Sealing Elements. This new 
synthetic rubber by DuPont resists 
oils, fuels, and solvents from —20° to 
+400° F. Has low compression set, 
good tensile strength, resists ozone, 
oxygen and weathering. 


Teflon ** Sealing Elements resist all fluids 
except molten alkali metals and 
fluorine at elevated temperatures. 
Recommended for use where the 
KLOZURE will contact strong acids 
or other corrosive fluids at tempera- 
tures from —110° to +500° F. 


Whatever your application, designing 
with Garlock KLOZURE Oil Seals 
makes good sense. You are assured of 
consistent high quality and proper 
design recommendations. 


For prompt service contact one of our 26 
sales offices and warehouses through- 
out the U.S. and Canada, or write for 
Klozure Catalog 30, The Garlock 
Packing Company, Palmyra, N. Y. 


GARLO CC HK 


Canadian Division: The Garlock Pack- 
ing Co. of Canada Ltd. 

Plastics Division: United States Gasket 
Company 

Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


“Registered Trademark 
**DuPont Trademark 
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H & R provides fast dry and refrigerated service to key points in 6 Midwest states. Participating in the delivery of the company’s new ROADRANGER- 
equipped tractors are, left to right: Brooks McCormick, IH Executive Vice President; Barr Crawford, International Truck District Manager; Guy Roper, 
H & R President; and D. B. Guthrie, H & R Executive Vice President, 


Geared by FULLER... 


As part of a fleet expansion and mod- 
ernization program, Husmann & 
Roper Freight Lines, Inc., St. Louis, 
recently purchased 16 new Interna- 
tional Model DCOT-405 Tractors 
equipped with 195 hp diesel engines 
and 10-speed Fuller R-96 Roap- 
RANGER Transmissions. The new- 
equipment purchase brings to 50 the 


FULLER 


buys more ROADRANGERS 


number of single-stick, semi-auto- 
matic Fuller ROADRANGERS em- 
ployed in the H & R fleet. 

Husmann & Roper President Guy 
Roper says, “In the past we have pur- 
chased several different models of 
trucks and tractors with the 8-speed 
R-46 RoADRANGER, and we are now 
using the R-96 in our more powerful 


®- 


units. Our road drivers tell us that 
they prefer the ROADRANGER Trans- 
missions because of the easy shifting 
and short, even steps between ratios 
to handle grades.” 

Ask your dealer for complete in- 
formation on the Fuller Roap- 
RANGER Transmission best-suited to 
put more profit in your operation. 


TRANSMISSION DIVISION 


MANUFACTURING COMPANY 
KALAMAZOO, MICHIGAN 
Subsidiary EATON Manufacturing Company 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Lovisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okia. 
Automotive Products Company, Ltd., Brock House, Langham Street, London W.1, England, Evropean Representative 
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PRECISION 


RINGS 


trouble 
before it starts! 


“Down time” costs money, whether it’s on the assembly line, or after a product is 
in use. (The latter could be costly to future sales!) That’s why you're money 
ahead when you use quality “O” Rings, made by Precision. They're 

rigidly inspected and tested over 100 times... They're made to do the job 
better... longer. Call a Precision Sales Engineer for help with your 

product design and the RIGHT Precision “O” Ring for your product. Write, 


wire, or phone today. 


BE SAFE with PRECISION 


Canadian pliant at: Ste. Thérése Ge dDiainv 
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A NEW LIGHTWEIGHT 
9-SPEED TRANSMISSION 


5/7 years of manufacturing experience... 


millions of heavy-duty transmissions... 


This is the experience background of diesel hauling. Low-gear ratio, 9.35 to 1, starts heavy 
Clark’s new, lightweight 9-speed transmis- tends encity. 


sion . . . a background which gives you: @ Drop-type output shaft, making possible shorter vehicle 


wheelbase. 
@ Power-assist shift simplifies hookup, cab to transmission 
- greatly reduces shifting effort . . . yet driver retains 
complete control at all times. 


B Light weight. Transmission, complete, weighs only 515 Ibs. 
All aluminum housings. 


@ Designed for highway trucks in the 250 to 300 hp range. M@ Low silhouette, provides clearance under cab or trailer. 


@ 9 speeds with ratios matched to the demands of modern @ Standard SAE power takeoff openings on both sides. 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


is 14 Qn 4 For more facts, clip this coupon to your letterhead and mail to 
CLARK EQUIPMENT COMPANY 
's it Tt] Hy PM |: a 1300 Falahee Road, Jackson, Michigan 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene 


eeeneeeeeee 
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Terrington Drawn Cup Needle Bearing . .. 
for maximum radial capacity in minimum 
cross section... positioned by press fit— 
snap rings or shoulders unnecessary ... runs 
directly on hardened shaft... most com- 
poct, light weight, economical. 

Terrington Drawn Cup Roller Bearing... 
for higher speeds or long pregreased life 
-+.thin section race for simple press fit... 
runs directly on hardened shofts... unit 
construction for easy assembly ... shaft- 
riding retainer. 

Terrington Heavy Duty Needle Bearing... 
for use with thin section or split housing where 
extreme impact loads require heavy ovter 
race...moaximum shock resistance ... full 
roller complement . . . unit construction. 
Torrington Heavy Duty Roller Bearing . .. 
for combination of high speed, long pre- 
greosed life or shock resistance... roller 
stability provided by end-guiding ...flange- 
riding retainer ... unit design. 

All of these types of bearings ore available 
with inner races. 


SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 


Only Torrington Makes All Four! 


Torrington developed the Needle Bearing and its specialized 
variations. This breadth of experience assures impartial engineer- 
ing recommendations based on specific application requirements. 
You can rely on Torrington to recommend the most compact 
and economical design compatible with operating conditions and 
performance requirements. Call on your Torrington representa- 
tive for help in applying the right bearing in the right place. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Indiana. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 
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For Sake of Argument 


Let the Engineer Speak for Himself . . . 


THE SPECIALIST who can speak and write effectively will 
always carry the flag of knowledge farther and faster 
than any nontechnical wordwizard. Only an engineer can 
tell an engineering story most effectively—-whether the 
audience be technically trained or not. 


This is not to say that a given engineer’s thoughts and 
facts cannot sometimes be better arranged than when 
he first commits them to paper. Nor is it to say that, in a 
given case, a nontechnical writer may not be of great help 
in making that rearrangement. But unless the engineer- 
ing story comes originally from the mind and the heart of 
the engineer, it won’t turn out to be an engineering story. 
It may turn out to be about engineering; but it won’t be 
engineering. The statement in outline of the ideas and 
facts an engineer wants to convey should always be his 
own. Nontechnical help at this point is usually fatal to 
production of worthwhile material ... and the first draft 
of the article, paper, or report had best be the engineer’s 
very own, too. The wordsmith-helper can contribute con- 
structively only when he works with facts and ideas 
already selected, sorted, and appraised by an engineer. 
He may on occasion be able to help the engineer to think 
straight; but the engineer has to do the thinking. 


Most will grant these necessities for production of pa- 
pers for engineering societies, reports from engineers to 
management, and articles for technical publications. 
Fewer will agree about their potency in preparing similar 
material for the general public. . . . Besides, engineers 
themselves usually are loath to take on the latter chore. 


To the extent that the engineer insists on doing all of 
his own technical writing, however, he will gain increased 
respect from his fellow engineers—and give the general 
public a break, too. 


Yom cee 
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BENDIX PROP SHAFT PARKING BRAKE 


independent holding power-PLUS! 


FOR TRUCKS, BUSES AND OFF-THE-ROAD VEHICLES 


Here is the most efficient parking brake ever built. 
With its heavy duty torque capacity, it holds on any 
road grade and is equally effective in both forward 
and reverse parking. 

The Bendix* Prop Shaft Brake is truly an extra brake 
with fresh capacity completely independent of the 
service brakes. This independent brake application 
obviously saves wear and tear on service brake linings 
and drums as well as serving as a safety stand-by for 
many emergency situations. 

Service is simplified with self-centered brake shoes, 


24 


and adjustments for lining wear are readily made 
from the outside. 

Rugged, light in weight and simple in design, the 
Bendix Prop Shaft Parking Brake meets the most 
exacting standards of the industry, and all I.C.C. and 
state requirements. 

There’s a size for every truck, including the heaviest 
highway rigs and off-the-road vehicles. REG. U.S. PAT. OFF. 


Bendix DiVPsion South Bend, rnp. c= 
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from SAE meetings, members, and committees 


but an artist’s conception 

of how a _ reconnaissance 
vehicle would be assembled 1000 
miles in space. 


N°: BUCK ROGERS STUFF, 


The “moon” or large saucer-like 
vehicle, which would orbit Mars 
and beam back valuable technical 
data, would be about 40 ft across 
and weigh approximately 600 Ib. 
The objects attached to each side 
are to collect the data and send it 
back to Earth. The rocket ship is 
of course used to transport men 
and materials from Earth to this 
space platform. This Martian 
“Explorer” is one of several studies 
being conducted by Boeing scien- 
tists to provide background and 
knowledge of the type needed for 
the Space Age. 


T IS ESTIMATED that 75% of 
| all parts made on machine 

tools in the United States to- 
day are run in lot quantities of 20 
pieces or less. 


LECTRONICS has played a 
major role in the develop- 
ment of guided missiles. The 
amount spent on military elec- 
tronics has practically doubled in 
the past 4-5 yr. In 1955, for ex- 
ample, electronics accounted for 
$3.3 billion of total defense spend- 
ing. In 1959 electronics accounted 
for an estimated $6.0 billion. 
There is every indication that 
this trend will continue as weap- 
ons systems increase in size and 
complexity and their electronic 
content continues to grow. A few 
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years ago, approximately 15% of 
the cost of military aircraft was 
for electronics. About 50% of the 
cost of first generation missiles is 
for electronics. The new larger 
missile systems, including all the 
complex ground equipment and 
auxiliary equipment will have 
about 60% of their cost in elec- 
tronics. 


TURBINE ENGINE CAN 
MAKE THE TRANSITION 
FROM KEROSENE TO JP-4 

FUEL, but its fuel meter can not. 
That’s because present meters are 
volume meters. What’s needed is 
a good, reliable mass flow meter 
for fuels, a meter which can detect 
the differences in specific gravities 
of the various fuels around the 
world. 


ETECTION SYSTEMS for ve- 
D hicles with respect to the 

roadway can be made sim- 
ple and reliable through proper 
use of radioactive energy. Guide- 
lines within the roadway itself, by 
which a vehicle may automati- 
cally be controlled, have been con- 
sidered using relatively small 
amounts of radioactive material 
buried within the surface of the 
concrete. This arrangement is 
said to produce a safe and reliable 
control system. 


ORROSION INHIBITORS 
& can be added to the road 
Salts used on icy streets to 
cut down car and truck body dam- 
age. However, the NYC Sanita- 
tion Dept. reports that the inhibi- 
tors cost more than the salts and 
chemical themselves. 





1960 European 
Automobile 


Engineering Trends 


Interesting features of the new European models, including details 


of the Morris Mini-Minor suspension and the new automatic transmission for Hillman 


and Singer, are revealed in this interpretative analysis, based on the 


1959 European automobile shows. 


This is the third such annual report of the engineering highlights of the European 


shows written by Mr. Pershouse at the request of the SAE Overseas Information Committee. 


by 


/y 


Aubrey Pershouse 


ai MAntarce OCWweor ac Noratinnc 
at WV ors Uverseas Ope ations 


N the Fall of 1959 the full range of important Euro- 

pean car shows took place. In order of appearance 
these were: the bienniel Frankfurt display, Paris, 
London’s Earl’s Court, and the Turin Show. Latest 
returns, both official and unofficial, indicate that at- 
tendance increased at all these shows compared with 
the last occasion on which they were held, although 
1955 still holds the record as far as London is con- 
cerned. 


SIVOUHNERAUAAUAENNNANAAATEERONUIOOEORAONAOOOUSDSAREUADAE UU AOEEDAONODOOLEESRAAUAUERAAUEO EA EAAAEHEAOBEAHEEUTY 


Author 
Aubrey 
Pershouse 


has beer 


ble for many 


| 
Uv 


VUCLOUUUDEDOEEDAD TUE OU TECUE DUE CED EE EAG ORO DORE REE EATS 


ye r maintaining 
formation on all foreign-source 
r General Motors Overseas Op- 
He visits regularly the major Eu- 
hows and follows design 


uptodate ir 
products 1 
erations 

ropean automobile s 
trends 


work in 


ose 
Closely 


MM aT 


2 


26 


in the British Army, c 
rate of Mechanization, dealing with motor 
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The shows following Frankfurt provided an un- 
usual feature of considerable interest in 1959, as the 
new Corvair and Falcon appeared for the first time 
at Paris, and the Valiant arrived about halfway 
through the London Show. 

These new, smaller American cars attracted a 
great deal of technical interest; the more unusual 
arrangement of the Corvair drawing large crowds, 
particularly during its first appearance at Paris. 


Previous trends continued 


Certain of the trends in European car practice 
that have been noted in previous similar articles in 


in 


y cl 


rn 
the ir 


chief 
During the latter part of 
in technical intelligence 
theater, covering 


armored vehicles 
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Fig. 1 — New Fiat twir 
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Fig. 4 — Easidrive 
transmission is used 
on Hillman Minx 
and Singer Gazelle 


14. INTEREEDIATE GEAR 
SHIFT PORK GITHORAVAL SPRING 


1960 European 
Automobile 


Engineering Trends 


... continued 


SAE Journal were still in force at the 1959 shows. 
These trends included: the tendency to up-grade 
mini-cars as to engine, package-size, and cost from 
unduly modest beginnings, decreasing emphasis on 
automatic clutches in favor of genuine automatic 
transmissions, further interest in diesel-engine pas- 
senger cars, use of Italian body-builders’ names and 
skills in an attempt to “glamorize” production car 
styling, and the increasing use of disc brakes by Bri- 
tish makers, coupled with the first use of these by a 
German producer. In all, some 24 British makers 
and 43 different models, of which not more than four 
can be excluded as purely racing machines, now use 
this type of brake either as an option or as standard 
equipment. In one or two cases there are obvious ef- 
forts to provide special shielding against road dirt. 


Importance of individual 1959 shows 


Frankfurt — At Frankfurt about the normal quan- 
tity of new models appeared. The DKW Junior, ap- 
parently Mercedes’ bid to enter a lower price class, 
represents quite a lot of car for its low price in the 
German domestic market. Mercedes’ own restyled 
220 car constitutes a step forward from the distinctly 
more conservative appearance of the old model, 
while Borgward introduced a new large 2.3 Litre (2240 
ec or 136.7 cu in.) car in addition to continuing with 
the smaller well-known Isabella. Opel’s Kapitan is 
new, with improved styling and a larger 2605 cc 
(159.0 cu in.) engine, while the well-known Opel 
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Rekord car is now available with three engine sizes, 
the 1200 (1205 cc or 73.5 cu in.), the 1.5 (1488 cc or 
90.8 cu in.), and the 1.7 (1680 cc or 102.5 cu in.). 

Other new models at Frankfurt included a new, 
larger Lloyd Arabella car, the BMW 700 (replacing 
the smaller 600 model), more emphasis on the larger 
front-engine 700 Goggomobil cars (now known as 
the Isar models) and some front-end restyling in the 
case of Porsche. 

Paris—at Paris there were no important new 
models, but improvements to Renault Dauphine sus- 
pension and Simca Aronde rear suspension were of 
interest. The entry of Peugeot into the small diesel- 
engine passenger-car field is noteworthy. The en- 
gine is a small 4-cyl unit of 1816 cc (110.8 cu in.) and 
is listed as an option in the well-known 403 car at the 
extra cost of 250,000 French Francs ($510). Peugeot 
believes that this extra cost should be regained in 
some 18,000 miles of operation. Facel Vega showed a 
new small sports car with a twin-overhead-cam- 
shaft 4-cyl engine of 1600 cc (97.6 cu in.). In con- 
vertible coupé form it is attractively styled on very 
Italian lines and may fill a need in France, even at 
the high local price of 1,950,000 Francs ($3980). The 
very attractive Renault Floride, using Dauphine me- 
chanical components, which was introduced and de- 
scribed in 1958, is now in production and still looks 
very good as a small sports-type convertible when 
seen under conditions of normal road use. The same 
car has just been introduced in the U. S. under the 
name “Caravelle.” 

London — The course of the year 1959 and the 
London Show in October saw more, and more impor- 
tant, new models than have been produced by the 
British Industry in any one year since the war. 
Many of these changes are described later in this 
report. 

Turin — At Turin there were no new models of 
importance, with the exception of the Fiat 6-cyl 
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1800 and 2100 models, which had been introduced at 
Geneva in March. The usual, excellent coachwork 
by numerous Italian makers was on view, while the 
twin-ohce 1500 Fiat (first shown in 1958 with Pinin- 
Farina coachwork) appeared this year with attrac- 
tive bodies by several different makers (Fig. 1). In 
the realm of very-high-performance cars, Maserati 
showed a new and very imposing 5000 series car hav- 
ing a body by Touring and a 90-deg V-8 engine with 
twin-overhead-camshafts of 4935-cc displacement 
(301 cuin.). This develops 340 bhp at 6000 rpm, and 
the car has a claimed top speed of around 145 mph. 

Turin saw a basic innovation in tire design with 
the announcement of the new BS3 Pirelli tire, which 
is described and illustrated later in this report. 


Features of 1959 London show 


Many changes took place during 1959 in the case 
of the important British Motor Corp.’s numerous 
makes of cars. Most of the Austin, Morris, Riley, and 
Wolseley models were completely restyled, using a 
common body designed by Pinin Farina, with rela- 
tively minor exterior appearance differences. The 
cars so derived are much improved in styling com- 
pared with the models which they replaced, but it is 
felt that the unavoidable similarity in appearance 
between them may rather quickly become monoto- 
nous. The Austin A40 car introduced in 1958 is un- 
changed but is now available in station wagon as 
well as in sedan form. 

BMC also introduced an original and interesting 
new small car to be known both as the Austin 7 and 
the Morris Mini-Minor. The car has many unusual 
features, not the least of these being the fact that it 
is about the first mini-car to appear with a more or 
less normal in-line 4-cyl water-cooled engine of a 
size (848 cc or 51.7 cu in.) adequate to provide more 
than a substandard road performance; it has a max- 
imum speed in the neighborhood of 80 mph, with 
gasoline economy in the order of 40 mpg. Unusually 
small, 10-in. wheels placed at the extremities of the 
layout make some 80% of the overall length avail- 
able for passenger and luggage space. Actual trunk 
space is small, but four people can sit comfortably in 
the car, and there is room for many small packages. 

The engine is transversely mounted and incorpo- 
rates a 4-speed transmission in the engine sump, 
which is lubricated by the engine oil. With this en- 
gine location the front wheels are driven (Fig.2). As 
a corollary of the transverse engine location the fan 
blows air through the radiator core and out through 
a series of slots in the interior wall of the front fender. 
It may be noted that critical cooling conditions usually 
occur at relatively low speeds on mountain gradients, 
often with a following wind. In these circumstances 
ram effect is not a factor. BMC also states that, as 
a result of discharging cooling air into this low-pres- 
sure area, flow is increased to the extent that the 
radiator size can be reduced 20%. All mechanical 
components of the car are carried on front and rear 
bolt-on subframes and the suspension is quite origi- 
nal, relying on the use of rubber cones rather than 
metal springs. It is claimed that the configuration 
of these rubber cones, backed by steel, varies the 
ride to deal satisfactorily with light or heavy loads. 
A short ride in this car demonstrated lively perform- 
ance but rather a hard feeling to the suspension. 

Ford made some important model changes, in- 
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troducing a completely new Anglia model with an 
ohv 4-cyl 997 cc (60.8 cu in.) powerplant, which has 
also been installed in the Prefect model, otherwise 
substantially unchanged. A feature of the Anglia 
styling, unusual in a small car, is the rear window 
arrangement sloping forward from top to bottom. 
The car has a lively and smooth performance. The 
old Ford Anglia with side-valve 1172 cc (71.5 cu in.) 
engine has been down-graded in list price to replace 
the old Popular model, whose design dated from 
many years ago. 

The Standard Co. introduced a new series of Tri- 
umph Herald cars during 1959. The bodies of these 
cars, a 2-door sedan and coupé, owe their styling to 
Michelotti and are unusual in that the seven main 
body assemblies are bolted rather than welded to- 
gether. As a result of this practice Herald owners 
enjoy some concession on insurance premiums from 
English insurers. At the time of its introduction this 
car was the first potentially high-volume English car 
to have appeared with independent suspension on 
all four wheels. The layout consists of coil springs 
and wishbones in front and swing axles with one 
transverse leaf spring at the rear. Another original 
feature lies in the attempt to eliminate lubrication 
points in the suspension and steering on this car 
(Fig.3). In the case of the suspension, rubber bush- 
ings are used for the front inner wishbone bearings 
and nylon bushings for the top outer ball-type joint 
and for the lower outside joints. These are of trun- 
nion type and include threaded aluminum-bronze 
bearings to conform to steering movement. The 
kingpin is hollow and has to be filled with hypoid oil 


Fig. 5 — Power path of Easidrive transmission 
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at long intervals. The small vertical movement of 
the kingpin distributes this lubricant by pumping 
action. At the rear, rubber bushed radius-rods take 
care of brake reaction, while the hypoid-bevel rear 
axle is mounted to the frame. The drive-shafts 
themselves act as the lower arms of the suspension 
system, and the transverse leaf spring forms the up- 
per arms. 

In addition to the foregoing, a variety of new mod- 
els appeared during 1959, or at the London Show, as 
follows: Sunbeam Alpine, A. C. Greyhound, Arm- 
strong Siddeley Star Sapphire Limousine, Aston 
Martin DB4 G. T., Daimler SP250 V8 sports car and 
V8 Majestic Major, Rover 100 model, Rolls-Royce and 
Bentley Silver Cloud II models, and the large Rolls- 
Royce Phantom V chassis designed specially for ex- 
tra-long limousine bodies. 

Both Daimler and Rolls-Royce announced new V8 
engines, the latter of all-aluminum construction 
having cylinder banks at 90 deg and being of large 
displacement (6230 cc or 380.2 cuin.). Two carbure- 
tors, wet cylinder liners, hydraulic valve lifters, and 
a comparatively low (8/1) compression ratio are 
used. The transmission and engine are of unit con- 
struction and, in view of the use of aluminum, inhib- 
ited glycol is required as the cooling fluid. A history 
of the development of this engine states that noise 
suppression has been something of a problem. It is 
further noteworthy that this is the first new engine 
announced by Rolls since 1923, when the last 6-cyl de- 
sign was introduced; output of this 6-cyl engine hav- 
ing been increased 414 times in the intervening 36 
years! 


Fig. 6— Magnetic 
clutches in Easidrive 
transmission 


The 1959 London Show also saw the first instance 
of a genuine automatic transmission offered by a 
European producer on a high-volume car with an en- 
gine no larger than 1500 cc (91.5 cuin.). Rootes an- 
nounced the availability of the Easidrive transmis- 
sion on their Hillman Minx and Singer Gazelle cars 
as an optional extra. 


Automatic transmission on Hillman and Singer 


The basis of this transmission received considera- 
ble publicity in 1956 as the Smith Auto Selectric and 
has not changed materially since that date; how- 
ever, it has topical interest meriting rather full de- 
scription here. 

The Smith transmission provides a 3-speed trans- 
mission with automatic gear changing and 2-pedal 
control (Fig. 4). Drive is purely mechanical in every 
ratio and mechanical efficiency is claimed to be bet- 
ter than that of a conventional friction clutch and 
synchromesh transmission. 

The transmission consists, in effect, of two 
clutches on the engine flywheel; No. 1 coupled direct 
to the transmission output-shaft, and No. 2 coupled, 
also to the transmission output-shaft, but via a “2- 
speed and reverse” gearbox. (See Fig. 5A.) 

Direct ratio is obtained by engaging No. 1 clutch, 
in which condition the 2-speed gearbox is out of ac- 
tion and no gears are either under load or idling. 
Mechanical losses are ata minimum. (See Fig. 5B.) 

The reverse gear disregarded, the 2-speed trans- 
mission consists of a main-shaft and a lay-shaft, the 
lay-shaft driven by clutch No. 2 via a constant run- 
ning pair. It provides two indirect ratios. 

The driven gear of the higher (the lesser reduc- 
tion) indirect (or intermediate) ratio couples to the 
output-shaft via a dog clutch. 

The driven gear of the low (the greater reduction) 
indirect ratio couples to the output-shaft, via a free- 
wheel. 

Thus, with intermediate ratio disengaged from the 
output-shaft, the low-speed ratio pair takes up the 
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drive to the output-shaft (Fig. 5C); and with inter- 
mediate ratio engaged to the output-shaft the low- 
speed ratio driven gear freewheels on the shaft (Fig. 
5D). 

The two clutches are “magnetic powder cou- 
plings.” The connection between the driving and 
driven member of each clutch is fine magnetic pow- 
der in the small annular space between the driving 
and driven members. (See Fig. 6.) Normally, cen- 
trifugal force disperses the powder evenly over the 
bore of the driving member, clear of the driven 
member. When energized by a stationary field coil, 
the magnetic powder concentrates into columns of 
material bridging the annular space between the 
two members and transmitting the drive, by friction, 
from one to the other. (See Fig. 7.) 

The clutches are engaged or disengaged by con- 
trolling the electric current passing through the two 
stationary field coils. Except for manual engage- 
ment of reverse, the complete control of the trans- 
mission is electrical. Engagement and disengage- 
ment of intermediate ratio from either direction are 
actuated by a solenoid; means of engine speed syn- 
chronization are provided as described below. 

The only ratio change involving dog clutch en- 
gagement is from low to intermediate and for this a 
balk ring prevents premature engagement. When 
changing from low ratio to intermediate, synchroni- 
zation is achieved by momentarily engaging No. 1 
clutch, which acts as a brake to slow down the en- 
gine. When changing from direct to intermediate 
ratio the throttle is normally open and the engine 
gains speed spontaneously to the point of synchroni- 
zation. A further solenoid device is, however, pro- 
vided to increase throttle opening in the event of 
this change being made with the throttle closed. 

The gearset is not fully synchromesh, but gear 
changing is assisted by balk rings (without synchro 
cones) interposed between the two engaging halves 
(the driving and the driven) of the dog clutch. Au- 
tomatic changes are controlled by a governor, which 
is sensitive to both road speed and throttle opening. 
This sensitivity permits gradual buildup of torque at 
the driving wheels through variable generator out- 
put to the clutch field coils. 

Electrical components of the transmission are: 


1. Field coils — Normal drain is about eight am- 
peres, but an economizer device reduces the demand 
during light drive and overrun. 

2. Selector switch — Controlled by driver. 

3. Gearshift solenoid — Operates dog clutch of the 
intermediate gear. 

4. Throttle solenoid — Synchronizes engine speed 
during shift from direct to intermediate. 

5. Governor — Sensitive to road speed and throttle 
opening; automatically selects gear ratio. 

6. Control unit — Energizes appropriate electrical 
circuits according to input from governor and selec- 
tor switches. 


In the event of generator or other electrical fail- 
ure, an emergency switch connects the car battery 
directly to the No. 2 field coil, permitting operation 
in either direct or low and reverse. 


Pirelli BS3 tire 


This novel tire has a flexible inflatable body on 
which are installed three annular sections of tire 
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Fig. 8 — View of Pirelli BS3 tire with separate treads. 


tread (Fig. 8). These are held in place by inflation 
of the tire body and also because of the fact that 
they are made of a harder material than the center 
portion of the tire and contain steel bands to prevent 
their stretching. Advantages claimed for the BS3 
are chiefly in the sphere of replacement cost. If only 
one tread is damaged it can be replaced by itself, 
while all three tread rings are stated to cost only 
some 36% of the price of a new tire. In addition, 
cross-country, sand, snow, or other specialized treads 
may be used, as required, much more cheaply than 
if it were necessary to purchase complete tires. Pub- 
lished articles indicate that it does not seem possible 
to dislodge the treads by violent driving methods, 
while Pirelli says that this tire has demonstrated ex- 
ceptional qualities of durability, sturdiness, road- 
holding, lightness of steering, and noiselessness. 





INFORMATION about improvements in corrosion- 
prevention methods has recently been made available 
by engineers from American Motors, Ford, 

Chrysler, and General Motors. 

This article briefs this information. The ever-greater 
use of anti-icing materials on roads and streets 

keeps the anti-corrosion challenge strong, 


despite continuous, widespread research in recent years. 


DESPREAD CORROSION prevention studies 

throughout the automotive industry have 
brought many recent changes in methods of protect- 
ing passenger cars .. . but nothing remotely resem- 
bling standardization of practices. And different 
producers emphasize different phases of their pro- 
tection techniques as most significant. 


American Motors practice 


American Motors, with 20 years of service experi- 
ence in preventing corrosion on unitized bodies, for 
example, provides for minimum drainage and for 
practically no ventilation (Fig. 1). The lower box 
section areas of Rambler bodies are protected by a 
coating which doesn’t require a definite amount of 
ventilation to control corrosion. 

American Motors engineers figure that minimum 
ventilation results in less dust and salt-laden water 
being inspirated into inside areas. Salt-laden mud, 
they point out, if allowed to build up would ve slow- 
drying even with maximum ventilation ... and 
would ultimately attack the inside surfaces. 

The processes of preventive corrosion protection 
on Rambler unitized bodies begin with a deep primer 
dip, designed to provide a thorough coverage on all 
surfaces. This process involves lower labor costs 
than does the manual application of weld primer to 
the extensive inside surfaces. Also, it removes previ- 
ous problems of obtaining a uniform coating. 
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Car makers emphasize different 


elements in new prevention practices 


In preparing the body for the deep dip primer, 
most of the body components are washed prior to 
assembly. Since the solvents in the primer dip 
would attack and damage most sealers and sound 
deadening materials, these usually are not applied 
till after dipping. Those applied prior to dipping are 
of a special type which resist the solvents, and hot 
washing and phosphatizing solutions. 

The front fenders and auxiliary components enter 
the body structure at this stage of the corrosion pre- 
vention treatment. Problem: to find a seam gasket 
material that would be resistant to the solvents and 
phosphatizing solutions and which wouldn’t become 
hard and brittle during the prime bake at 375 F pre- 
sented quite a problem. 

After testing many different materials, ordinary 
asphalt impregnated roofing paper was found to be 
the most satisfactory for this application. A similar 
situation existed for a section filled with sponge 
rubber. This was solved by a vendor coming up with 
a neoprene sponge that didn’t harden too much in 
the bake. 

As many openings as possible are provided in the 
body to assure rapid filling and subsequent drainage 
of the primer during the dip operation. After this is 
done, the completed body assembly is washed in a 
high-volume, low-pressure, hot alkaline wash to 
flush out dirt and weld-splatter accumulated during 
assembly. This material, if not removed, would later 
contaminate the primer. This is followed by the 
phosphatizing, dry-off, primer dip, drain, and bake. 
The sealers and sound deadeners are then applied. 

A solvent cut-back inhibited wax-type material is 
sprayed into the lower box sections by using a special 
spray nozzle on the end of a long probe which enters 
the sill area through a hole in the lower front wheel- 
house and extends back through the sill to the rear 
kick-up. This material further enhances the pro- 
tection of the epoxy-ester primer. (The primer is 
pigmented with iron oxide and zinc chromate.) 

The many holes provided for rapid filling and 
draining of the dip primer are then sealed with rub- 
ber and plastic plugs. 

The deep primer dip coating on all inside surfaces, 
reinforced with inhibited wax in the most critical 
areas, should provide adequate protection on the in- 
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Fig. 1— The 1960 Rambler inner door panel and rocker panel 


provide practically no ventilation and only minimum drainage . . . 
permitting less dust and salt-laden water into inside body areas. 


Fig. 2— One step in underbody protection of Chrysler unitized bodies is 
to apply a water-reducible primer to the critical lower areas, as shown. 
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side. The deep primer dip coating under the fender 
wheelhouse areas is further reinforced with an- 
other spray-applied coat of the same material which 
is then baked. The underfender seams are heavily 
sprayed with a layer of asphaltic sealer. The whole 
wheelhouse-fender area is then sprayed with a 
heavy layer of asphaltic sound deadener. This 
should provide satisfactory protection from salt- 
laden moisture as well as gravel and dirt thrown off 
by the wheels. 


Ford’s Falcon newly treated 


Use of differentially coated galvanized steel — 
made feasible by development of a new continuous 
hot-dip process —is a main item in the corrosion 
protection Ford engineers have designed into the 
Falcon. 

In two-and-a-half years of research on how best 
to give unitized bodies corrosion protection, Ford en- 
gineers found that galvanized steel had the greatest 
life span of any protective material. But, they 
found also, that galvanized steel in its usual form 
was not adaptable to production-line welding and 
painting practices. Then, a process which would 
make galvanized steel use practical was developed 
and used in the Falcon. After passing through a 
hot-dip process, the steel is then wiped on one side 
to produce a surface that can be welded and painted. 

The non-wiped side of the galvanized steel is ar- 
ranged to cover the interior surface of boxed mem- 
bers.... The wiped surface is used as the exterior 
side of the part — and is painted for additional pro- 
tection. Thus corrosion protection is provided for 
both interior and exterior surfaces. 


Chrysler uses 6-stage treatment 


A six-stage immersion and spray treatment is be- 
ing used on the new unitized bodies of Chrysler Corp. 
cars, including the new Valiant. The entire raw 
body is cleaned and coated by this six-stage se- 
quence. Then a new-type water-reducible primer is 
applied to the critical lower areas as shown in Fig. 2. 


Fig. 3— Body corrosion 
protection process used 
at Chrysler Corp. 


During the immersion and spray sequence, the 
body is first cleaned with an alkaline cleaner. Then, 
it is rinsed, coated with phosphate, rinsed again... 
and, finally, dried and cooled to room temperature. 

The last step is to dip the entire underbody in the 
newly-developed primer. 

After the coated body is dried, the exterior is 
sprayed with two base coats of an epoxy paint. 
Then, after wet sanding, two baked-on coats of en- 
amel are applied. 

The order of the various steps in this Chrysler cor- 
rosion protection process are detailed in Fig. 3. 


Recent GM steel-surface studies 


General Motors Research Laboratories have re- 
cently turned up some interesting findings about 
the effect of surface properties of steel itself on the 
corrosion properties of the metal after undergoing a 
phosphating process. (SAE Journal will detail these 
important findings in its March issue.) 

The GM researchers found, among other things, 
that the steels most susceptible to corrosion are 
those with a higher lead content on the surface than 
the steels which showed good corrosion resistance. 
Also, they suspect, there may be some contaminants 
on the steel that can be removed easily by normal 
cleaning methods used in phosphating, if the steel is 
processed prior to box annealing. 

GM results have been presented to the steel com- 
panies and a cooperative program established to 
determine the cause of the variations noted by the 
researchers. 


Continued research widespread 


In addition to the recently revealed information 
from American Motors, Ford, Chrysler, and General 
Motors sketched briefly here, thousands of man- 
hours of additional study are being put in through- 
out the automotive industry to better the methods of 
preventing corrosion on cars and trucks. There is 
every indication that more data will be exchanged in 
volume between engineers of the industry in the 
months ahead. 
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New Extruding Techniques Developed for 
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EW EXTRUSION TECHNIQUES for high-tem- 

perature steel and bare pure beryllium will meet 
the exacting requirements of future flight vehicles. 
These methods are being developed as part of two 
contracts awarded to Northrop by the Air Materiel 
Command Aeronautical Systems Center. One-half 
of the concurrent two-year programs has been com- 
pleted. 

Both materials are extruded in nearly the same 
temperature range, and both use glass as a lubricant. 
Each program is prefaced with and predicated on an 
airframe and extrusion industry survey, followed by 
a competitive development of the same shape by 
more than one extruder. 


Steel Extrusion 


A break-through in development of ultra-thin 
steel extrusion technique is close. Target require- 
ments for Phase I of this program are a T-section — 
1.50 by 1.50 in., with 0.062 in. thick legs. Fig. 1 shows 
the die. 

The materials selected for extrusion development 
are SAE H1l grade (5% chromium hot work die 
steel) and A-286 temperature-resistant ferrous alloy. 

Development participants are Allegheny Ludlum 
Steel Co., Harvey Aluminum and Comptoir Industriel 
d’Etirage et Profilage de Metaux, Paris.... Alle- 
gheny is believed to be the closest to solution of the 
problem at this time. 
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Pure Beryllium 


Allegheny has analyzed corrective procedures as 
follows: (1) proper container size must be estab- 
lished; (2) previous lubrication practices are inade- 
quate, and CIEPM die lubrication techniques must 
be amplified; (3) die design and heated billet han- 
dling times are critical; and (4) more consistent 
temperature requirements, not only for the billet, 
but for various press components are necessary. 
Higher container heating is necessary. 

The following new equipment was designed to ob- 
tain the needed thin-walled, close-tolerance shapes. 


@ Radiation shield — This was redesigned to give 
more complete protection against radiation and con- 
vection losses (Fig. 2). Efficiency of the shield was 
established by comparing cooling temperatures of a 
billet exposed to air after furnace heating. Figs. 3a 
and 3b show the test results, with temperature 
plotted against seconds. 

e High heat container liner— The electrically- 
heated container was rewound on the outside to pro- 
vide higher capacity heating coils. Also, a new liner 
with higher temperature materials was designed 
with another set of coils on the liner periphery.... 
This produces additional heating in the immediate 
proximity of the billet contacting surface. 

@ Billet lubrication — A special tool was designed 
and fabricated to inject lubricant on the billet while 
it is in the radiation shield as it is withdrawn from 
the salt bath. This permits keeping the billet inside 
the shield until it is ejected directly into the con- 
tainer. 

@ Dies — New die designs have been made to im- 
prove flow characteristics. 

@ Billets — A-286 billets have been capped with 
carbon steel to ease starting pressure. 

@ Loader — Existing loader was reworked to han- 
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Fig. 1 — T-shape die for steel extrusion. 


High-Temperature Steel and 
Pure Beryllium 


... continued 


dle the radiation shield with the billet inside, and to 
withdraw the shield after ejection of the billet into 
the liner. 

®@ Die lubrication — New glass lubricant materials 
were compacted into contoured discs. 


With the new equipment complete, extrusion of 
both A-286 and H11 was attempted, in order to per- 
fect details of billet lubrication. 

The first effort with the new liner was extruding 
A-286 at 2100 F to a thickness of 0.03 in. It was 
pushed successfully, with liner temperature at 1200 
F. Then H11 was pushed at 2300 F and deteriorated. 
The temperature was lowered and the shape for H11 
was excellent for 14 ft, but the die washed and se- 
vered the vertical leg. The liner cracked after the 
third push. These extruding tries indicated the fol- 
lowing: 


(1) A-286 can be extruded at 2100 F (salt bath 
temperature) to 0.093 in. thickness. 

(2) Extrusion of H11 is better at 2250 F. 

(3) A-286 should be extruded at 2050 F or lower. 

(4) Use of nickel plating as a metallic lubricant 
warrants more investigation. 

(5) Die design had to be altered to enlarge the 
fillet radii. 


1 QMV is a commercial designation for material produced 
by Brush Beryllium and indicates vacuum casting of beryl- 
lium pebbles. 
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Another push was made with a reworked liner to 
study die glass, billet glass, and nickel-plate lubrica- 
tion. The first H11 billet did not fill out because not 
enough dwell was allowed in the extruding cycle. 
The next H11 billet, with 0.04-in.-thick plating of 
nickel was extruded with an excellent 24-ft result. 
A third attempt was made to establish reliability of 
the nickel coating, but the push stalled the press. 
The stem bent badly and ruined the new liner. 

The advent of the steel strike has forstalled any 
further attempts at extruding steel. 


Bare Beryllium Extrusion 


Extrusion of bare beryllium is feasible.... It has 
been sufficiently demonstrated to expect that future 
process refinements will make aircraft-quality ex- 
trusions available in popular sizes, shapes, and 
lengths in less than two years. 

Material used for extrusion production develop- 
ment was QMV! (or equivalent) sintered pure beryl- 
lium powder billet made from 200-mesh powder. 
Cast beryllium and beryllium alloy products which 
are in various stages of development will be studied 
and evaluated as this program progresses. 

The beryllium configuration is a great advance- 
ment in target tolerances, surface finish and extru- 
sion length. Fig. 4 shows the channel-type section 
with 0.12-in.-thick segments. 

Beryllium Corp. and Nuclear Metals, Inc. were 
chosen to participate in Phase I of the program. 

Conventional oil hydraulic extrusion presses were 
employed in beryllium extrusion method develop- 
ments. Beryllium, although it is a light metal, is ex- 
truded at high temperature by streamline flow. 

Lethal fumes may be emitted by beryllium at ex- 
trusion temperatures. So the extruder has to protect 
his employees and the surrounding community from 
beryllium poisoning. 


Die materials and design 


The abrasive effect of beryllium on extrusion dies 
and the tendency of beryllium to fracture at inter- 
mittent intervals, or “rattlesnake,” are perplexing 
problems in designing and selecting die materials. 
Cobalt-chromium alloy discs best withstood repeated 
extrusion of beryllium during development. They 
will probably be used until improvement in extrusion 
techniques, such as lubrication, makes the use of 
less expensive die blanks practical. 


Lubrication 


Beryllium extrusion lubricants must: (1) not react 
with or contaminate the beryllium being extruded, 
(2) wet and adhere to the billet surface, (3) possess 
body and lubricity, (4) insulate the die from the ma- 
terial being extruded, (5) become viscous at the 
proper temperature. 

These requirements are more nearly fulfilled by 
glass than by any other lubricant yet tried. 


Extrusion techniques 


The beryllium billet is first heated to the desired 
temperature. Then it is removed from the furnace, 
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rolled in glass powder, flock, or both, and placed in 
the container of the extrusion press. The ram is 
then brought forward, and the beryllium is extruded 
through the die. 

In the development work, transfer was accom- 
plished manually. 

In addition to conventional extrusion sequences, 
beryllium can be more easily extruded if a soft cop- 
per-nickel alloy is placed in front of the billet to 
start the extrusion. After the nose material softens 
the lubricant, establishes a streamline flow pattern, 
and passes through the die, the beryllium follows 
through more readily than if the nose were not used. 


Billet heating 


The billets were heated in such a way as to prevent 
material contamination during the heating period. 
One way was to heat them in a 10% sodium chloride- 
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90% barium chloride salt bath. Another method 
was to heat the billets in an argon-filled box placed 
inside an electric furnace. Argon was continuously 
fed into the inner box through a metal tube which 
passed through the furnace door. To further reduce 
chances of contamination, the billets were coated 
with a water-soluble glass slurry before being 
heated. 


Billet transfer 


Long billet transfer times cannot be tolerated, al- 
though the extrusion press container is maintained 
at about 900 F. Transfer times of less than 25 sec 
were usually found satisfactory. 


Extrusion temperatures 


Beryllium extrusion billet temperatures were ap- 
proximately 1645-2000 F at time of removal from 
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Fig. 2— Radiation shield and 
billet. 
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Fig. 4— Channel-shape die for 
extruding beryllium. 


Fig. 5 — Defect-free bare be- 
ryllium extruded channel shape. 
Black patches on surface are 
glass lubricant particles which 
are easily removed. 


High-Temperature Steel and 
Pure Beryllium 


... continued 


furnace or salt bath. Billet temperature at time of 
extrusion could not be definitely determined. Opti- 
mum billet temperature is believed to be 1750-1850 F 
at time of removal from salt bath. 


Starting tonnage 


Starting tonnage to extrude beryllium U-channel 
was 1438-1700 tons on the large press and 457-949 
tons on the small press. Tonnage available on either 
press was adequate to extrude the U-channel in 20-ft 
lengths. 


Reduction (extrusion) ratio 
Extrusion ratios varied from approximately 25:1 to 
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60:1. Optimum ratio for the bare extrusion of beryl- 
lium is between 20:1 and 35:1, depending upon size, 
configuration, and length of extruded product. 


Ram and Extrusion Speeds 


Ram speeds varied from almost zero up to 126 
inches per minute. Maximum speed at which the 
extrusion exited from the die was about 90 in./sec. 


Progress 


After a number of failures, many improvements 
were made, and extruded channels with quality com- 
parable to that shown in Fig. 5 began to exit from the 
die. Continued refinement of extrusion processes, 
tooling, and lubrication resulted in capability to ex- 
trude U-channels several feet in length. 

Six extrusions were recently made. ... The first 
two used cast stellite dies, and the third, a stellite- 
faced die. Cast dies produced two 6-ft lengths free 
of cracking, and were not damaged. However, the 
stellite-faced die began to deform under the load 
and caused rattlesnaking of the extruded piece. 
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Table 1 — Mechanical Properties of Bare Extruded Beryllium. 


Ultimate 
Specimen Direction Tensile 


Number Of Grain 


Yield Strength, 


Longitudinal 68,330 54, ,000 
Longitudinal 45,200 45,200 
Longitudinal 78,400 50,200 

Long Transverse No Data Not Measured 
Long Transverse 39,500 Not 

Long Transverse 40,600 Not Measured 


* Longitudinal specimen fractured prematurely 


## Specimen pulled out; no values obtained 


Strength,PSI (.05% Offset)PSI Dial Gage 


Percent 
Elongation, 
Strain Gage 


Modulus of 
Elasticity, 
PSI x 10° 


Percent 
Reduction 
Of Area 


Percent 
Elongation, 


1.66 
Not Measured 
1.61 
Not Measured 
Not Measured 
Not Measured 


1.0 


Not Measured Not Measured 
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The next three billets were designed to study the 
possibility of reducing the necessary force of the ex- 
trusion press by extruding at a high temperature. 

These tests show that the present marginal lubri- 
cation must be improved. In this connection, the 
roll of copper-nickel also must be investigated. Fur- 
ther examination of one extrusion showed rattle- 
snaking where the copper-nickel film terminated on 
the land but continued in the web; when termina- 
tion of this film also occurred on the web, the section 
again became sound since no differential lubrication 
existed to allow the web to extrude at a faster rate 
when glass only was present as a lubricating me- 
dium. 

Next series of extrusions will investigate the fol- 
lowing: 


1. Is the copper-nickel lead-in cone necessary 
when stellite dies are used? 


2. Can the pressure pattern be favorably altered 
by (a) utilizing a different temperature-glass com- 
bination for the extrusion, (2) heating in a salt pot 
furnace rather than in a resistance furnace, (c) re- 
ducing the time at temperature by induction heat- 
ing? 


3. Does a “butt-end” effect exist? 


Test results 


Although the average spread between yield and ul- 
timate tensile strength in beryllium is considerable, 
beryllium is notoriously low in ductility insofar as 
per cent elongation is concerned. Beryllium seldom 
necks down in the fracture area; consequently re- 
duction-of-area percentages are usually only a small 
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fraction of one per cent. Both strength and ductil- 
ity in the short transverse direction are reported to 
be very poor. Table 1 shows mechanical properties 
in the longitudinal direction. Target mechanical 
properties in this direction were: 


Ultimate Tensile Strength, psi 60,000 
Yield Strength (0.2% Offset), psi 35,000 
Per Cent Elongation in 2-in. 10 
Per Cent Reduction of Area 10 


Future work 


Continuation of the bare beryllium extrusion pro- 
gram includes: 


A. Investigation of means to improve material duc- 
tility. 


B. Investigation and determining the effectiveness 
of new lubricants including: Glass lead-in discs, 
metallic billet coatings, variation in glass com- 
positions or families, mixture of glasses and met- 
als, and metallic lead-in pieces. 


. Extrusion condition investigations including: 
Temperature, Reduction ratios, and Extrusion 
speed. 


. Die design and die materials. 


. Post-extrusion processing such as straightening 
and finishing. 


. Determination and evaluation of mechanical 
properties. 


To Order Paper No. 98U ... 
...0n which this article is based, turn to page 6. 
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LUMINUM diesel-engine parts should be de- 
signed to take advantage of the various foundry 
processes now available in order to produce the most 
economical part. 
Years of designing with aluminum have made ob- 
vious certain details which are of extreme impor- 
tance. These are: 


1. Generous blending from heavy to thin sections. 

2. Broad, flat, low ribs rather than narrow, round 
and high ribs, which are frequent causes of failure. 

3. Stud boss diameters two times the stud diam- 
eter, and threaded depth two times stud diameter, 
with a minimum of one and one-half times stud di- 
ameter. 

4. Bolt fastenings located in or near supporting 
wall sections to minimize eccentric loading. 


Cylinder block design 


The crank compartment of a cylinder block can be 
designed as a full or semi-permanent mold casting. 
A direct draw metal one-piece core can be used if the 
minimum draft requirement does not produce an ex- 
ceptionally heavy bearing bridge section. Optimum 
metal distribution can be produced in the bearing 
bridge area with the use of shell, CO, or sand cores. 

In the right-cylinder section (marked No. 1 in Fig. 
1), a method is illustrated for carrying the stud load- 
ing down through the column or rib in the side wall, 
blending into the lower cylinder and bearing bridge 
area, and having the same area at the bottom as at 
the top. 

In the left-cylinder section, two methods of car- 
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rying the firing load down through the columns from 
the top deck to the bearing bridge are illustrated. 
No. 2 shows a short stud in the top of the column. 
No. 3 shows a drilled hole the length of the column 
for a long necked down stud to be seated in the bear- 
ing bridge. The latter method will carry exception- 
ally heavy loads from the head to the bearing bridge. 
Fig. 2 shows two design treatments of the main 
bearing bridge. In Type A, two through bolts tie the 
bearing cap to the sidewalls and make it an integral 
part. This assures a more uniform load distribution 
and utilization of maximum bearing capacity on 
highly loaded applications. The main bearing stud 
should be carried well up into the bridge by counter- 
boring the threaded hole to obtain better stress dis- 
tribution. The stud should be necked down so that 
the shank diameter is equal to the root diameter of 
the thread. Type B is a conventional treatment. 


Valve seat insert design 


Valve seat inserts of aluminum bronze, steel, or 
stellite have been used for both intake and exhaust 
valves ports in aluminum cylinder heads, and they 
are no problem. Inserts of 53, in. OD have been in- 
stalled successfully. Since the largest possible valves 
are generally used, together with a nozzle or pre- 
combustion hole opening, care should be taken to 
provide sufficient metal under the seat and at the 
bridges between valve port and nozzle hole. 

The screw-type nozzle holder can be threaded 
close to its actual seating area and avoid high 
stresses at the nozzle hole in the combustion deck. 


Aluminum for pistons 


Two developments to improve ring land life of alu- 
minum pistons are shown in Fig. 3. The piston on 
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Fig. 1— Transverse section of 
aluminum cylinder block show- 
ing (right) method of cariying 
stud loading down through the 
column in the side wall and, 
(left) two methods of carrying 
the firing load down through 
columns from the top deck to 
bearing bridge. 
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Fig. 2— Two design treatments 

of the main bearing bridge in 
an aluminum engine. Type A ~ 7) 
assures uniform load distribu- ss 
tion. Type B is conventional. 


Fig. 3 — Two methods for improving ring land 
life of aluminum pistons. A ferrous ring 
groove insert is bonded to the aluminum in 
the piston on the right. Piston on the left 
has an aluminum alloy welded in the ring 
groove area and the grooves remachined. 





Aluminum in High-Output, 
High-Speed Diesels 


... continued 


the right has a ferrous ring groove insert bonded to 
the aluminum. This successfully protects the top 
compression ring lands. The piston on the left 
shows a forging with a high wear-resistant alumi- 
num alloy welded in the ring groove area and the 
groove remachined. 

Tests indicate that a ring land of over 200 Bhn is 
obtainable with the hardness remaining well over 
100 Bhn after 1000 hr at a temperature of 600 F. The 
alloy can be machined readily with carbide-tipped 
tools. 


Value of premium strength castings 


A premium strength casting is one made by a proc- 
ess in which the best techniques have been engi- 
neered to a particular casting geometry during fabri- 
cation in order to produce a high-quality product 
having exceptionally uniform, high mechanical 
properties. Any conventional- or combination of 
conventional-processes can be used, and heat-treat- 
ment will help. 

A turbocharger air compressor impeller illustrates 
this type of casting. After considerable production, 
the following tolerances are obtainable: precision 
bladed part contour + 0.015 in., blade spacing + 0.010 
in., radial blade + 0.010 in., duplication from blade to 
blade and casting to casting + 0.010 in. The average 
blade surface finish is well under 100 microin. With 
proper design, parts with peripheral speeds of 2500 
fps have been spun without rupture. 


What to do about corrosion 


We have carried on tests of several types and ex- 
posures of up to 10 years of intermittent 3.5% sodium 
chloride solution spray at 30 C, continuous 20% solu- 
tion spray at 20 C, and alternate immersion at room 
temperature. The last test most closely represents 
extreme service conditions. 

A representative group of test bars exposed 6 years 
to alternate immersion in 3.5% sodium chloride solu- 
tion showed aluminum-copper alloys, represented by 

112 and 195, to be susceptible to corrosion, the alu- 
minum-silicon type, represented by 355 and 356, to 
be excellent, with 356 the better of the two, and alu- 
minum-magnesium alloys, represented by 214 and 
220, to be the best of the lot. Examination of the 6- 
year specimens revealed every alloy in the alternate 
immersion test exhibiting a self-stopping type of 
corrosion. The performance of less resisting alloys 
can be improved by anodic coatings. 

When inhibitors are essential to reduce rusting 
and scaling of iron parts, the addition of 1% of 
naphthenic-base soluble oil will do the job without 
serious galvanic attack of the aluminum. 


To Order Paper No.120U .. . 
> ..-0n which this article is based, turn to page 6. 


42 


Tertiary Butyl 


Improves O.N. 


paper | 


S. R. Newman, K. L. Dille, R. Y. Heisler, 
and M. F. Fontaine 


lao 


exaco 


HE SEARCH for additives that would increase the 

octane number of gasoline has led to the unearth- 
ing of but few additives showing commercial possi- 
bilities. Of these, an organic compound called terti- 
ary butyl acetate appears to have the most promise 
for commercial application. It is called a “lead 
appreciator” because it is effective only in the pres- 
ence of lead. Apparently, it increases or “appreci- 
ates” the antiknock characteristics of tetraethyl 
lead itself. 


How much improvement 


Tertiary butyl acetate — or TLA, as it is called 
(standing for Texaco Lead Appreciator) — gives sig- 
nificant improvements in the Research, Motor, and 
road octane numbers of leaded, high-octane, com- 
mercial-type motor gasolines. The magnitude of 
these improvements depends strongly on the amount 
of tel and TLA used in the fuel. 

For fuels leaded to 3 ml per gal, peak octane re- 
sponses occurred when 0.7-0.9% (vol.) TLA was used. 
The addition of more lead and more TLA produced 
higher peak octane responses. The use of less lead 
required less TLA for a lower peak octane response. 

The octane improvement obtained with TLA also 
correlated with the Research octane number of the 
fuel. Higher Research O.N. responses were generally 
obtained with higher Research O.N. fuels. In certain 
of the high-octane fuels, Motor O.N. responses also 
increased with increasing Research O.N. of the fuels. 
Average Research and Motor O.N. response data ob- 
tained on commercial fuels were: 1.6 Research and 
1.6 Motor O.N. for superpremium fuels, and 0.8 Re- 
search and 0.8 Motor O.N. for premium-grade fuels. 

Response data on a large number of fuels indicated 
that different fuels responded differently to TLA. 
The reasons for these differences are now under 
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Acetate 


of Leaded Fuel 


investigation. The laboratory octane responses were 
also verified on the road. The magnitude of these 
road responses depended on the rating characteris- 
tics of the particular car as well as on the particular 
fuel rated. 


Typical test results 


Fig. 1 shows typical response curves over the con- 
centration range of greatest interest for two fuels of 
superpremium quality. Note that peak octane re- 
sponse for both Research and Motor octane numbers 
occurred in the region of 0.7-0.9% (vol.). 

The road octane curves of Fig. 1 show the average 
modified borderline road octane-number improve- 
ment taken over the speed range of a 1957 car 
equipped with a 12/1 compression ratio engine. In 
this car TLA was equally effective at low and high 
engine speeds. Although the peak road octane re- 
sponse appears to occur in the region of 0.5-0.7% 
(vol.), the data shown for these fuels indicate a 
nearly constant response between 0.5 and 0.9% 
(vol.) TLA. This, of course, would be expected since 
it is extremely difficult to distinguish small road 
octane differences in fuels. 

The effect of varying both TLA and tel concentra- 
tion on peak octane response is shown in Fig. 2. The 
data presented are averages of Research and Motor 
O.N. increases in a superpremium fuel. These data 
indicate that an optimum ratio of TLA to tel exists. 
As the lead level was increased, both the quantity of 
TLA required for peak octane improvement and the 
magnitude of the improvement increased. At the 3 
ml tel per gal level (101.6 Research O.N., 93.4 Motor 
O.N.) a peak octane response of 1.3 octane numbers 
was obtained with 0.8% (vol.) TLA. By adding 4 ml 
tel per gal to this superpremium fuel, 1.1% (vol.) 
TLA was needed to obtain a peak octane response of 
1.9 octane numbers. A similar trend was also ob- 
served with a 105 Research O.N. fuel. 


To Order Paper No. 127U... 
...0on which this article is based, turn to page 6. 
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Fig. 1 — Effect of TLA concentration on octane response for super- 
premium-type fuels containing 3 ml tel per gal. 
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Fig. 2— Effect of TLA and tel concentration on peak octane response. 





Handling Propellants Safely 


... requires special methods adapted to the 


problems peculiar to each type; and 


effective training of ALL personnel involved. 


report by pane 


L. D. Weber 
h American Aviation. Inc 


HERE’S A WAY to handle safely every one of the 

various propellants used in missiles. But each 
has its special problems; each requires handling 
tailored to its particular difficulties. Important 
among the special problems to be met are toxicity, 
odor, corrosivity, inflammability, and sensitivity to 
mechanical or thermal shock. To insure safe manu- 
facturing operations, process specifications must be 
established, and personnel trained. 


Liquid oxygen 

In handling liquid oxygen, for example, most 
manufacturers consider the concept of cleanliness a 
critical problem area. The definition of “clean” 
tends to differ widely among suppliers, shop person- 
nel, and the user of the component or assembly. 

It isn’t always feasible to wait until final assembly 
at the test stand to do the proper cleaning. And 
even if a part has been cleaned properly, contamina- 
tion can occur if it is poorly packaged or mishandled 
in transportation. Such contamination can be seri- 
ous enough to cause failure of the part in ultimate 
use. 


Hydrazine 
Cleaning procedures satisfactory for liquid oxygen 
are thought to be satisfactory also for hydrazine 
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systems and components as well. But the potential 
contaminants for hydrazine are different. 

Hydrazine systems must be absolutely free of rust 
and other oxidizing elements; oxygen systems must 
be free of hydrocarbons and other combustible ma- 
terials. 

The materials from which parts are fabricated 
may also be different for hydrazine and for liquid 
oxygen systems. Aiming to select materials which 
will have no effect on the propellant: 


® Most stainless steels are found suitable for use 
with hydrazine systems — but not iron, because 
rust might form. Also unsuitable are brass, 
copper, and alloys containing significantly large 
quantities of molybdenum .. . because they 
might catalyze the decomposition of hydrazine. 

@ Certain hydrazine derivatives (such as di- 
methylhydrazine) can be handled without diffi- 
culty in carbon steel systems. 


In any case, selection of materials depends on the 
time and temperature of exposure .. . and whether 
the propellant is to be reused after passing through 
the system under consideration. 


Liquid hydrogen 

For liquid hydrogen, also, the same cleaning 
methods as for liquid oxygen are satisfactory ... 
but, here again, the potential contaminants are dif- 
ferent. 

With liquid hydrogen, for example, there need be 
no concern for the combustibility of potential con- 
taminants. The problem is to be sure the contami- 
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nant does not freeze at the extremely low tempera- 
ture of the propellant. If it does, it may plug up 
small passages. Moreover, the liquid hydrogen sys- 
tem must be kept at a slightly-above-atmospheric 
pressure to prevent introduction of air or oxygen 
through a leak. Either air or oxygen will freeze at 
liquid hydrogen temperatures —and an explosive 
mixture might form. 

One major concern in handling liquid hydrogen is 
the possibility of a person being burned severely be- 
fore he recognizes that a fire exists. Hydrogen gas 
— which might escape from a leaking assembly — is 
very explosive and burns with a non-luminous flame. 
Besides, there is no radiation sideways from a hydro- 
gen-air flame. Consequently, there is frequently no 
heat indication around such a flame to give warning 
of its presence. 

Because of liquid hydrogen‘s extremely low tem- 
peratures, all-welded construction is preferable to 
gasketed joints. The all-welded construction pre- 
vents leaks from forming when the metal contracts 
thermally. 

All piping in liquid hydrogen systems must be in- 
sulated by vacuum jacketing to prevent heat-leak- 
age into the system. The propellant has such a low 
latent heat of evaporation that a small quantity of 
heat absorbed will vaporize a very large quantity of 
the liquid. With low-efficiency insulated lines, liq- 
uid air is frequently observed to be dripping off ex- 
terior surfaces. 


Liquid fluorine 


Liquid fluorine applications have to be concerned 
especially with toxicity and vigorous chemical ac- 
tivity. Though fluorine can be handled safely for 
long periods with many common metals, violent 
failure can occur if the system is not properly pre- 
pared. (Fluorine has a boiling point between those 
of liquid nitrogen and oxygen.) 

So, cleaning requirements for liquid fluorine are 
much more stringent than for any other propellant 
in use today. Aluminum, copper, and stainless steels 
can usually be made “passive” to liquid fluorine. But 
the presence of even a minute quantity of con- 
taminant can start a chemical reaction which will 
release heat. This in turn can cause ignition and 
combustion of the metal system. 

After assembly, the entire liquid fluorine system 
must be “passivated”... by passing gaseous fluorine 
through the system—slowly at first and then at in- 
creasing rates. During this procedure, any small 
quantity of contaminant will be burned out under 
safe, controlled conditions. The gas also will cause 
a protective fluoride coating to be formed on the 
internal surfaces of the system. This helps to deter 
subsequent corrosion. 


Nitrogen tetroxide 


In handling nitrogen tetroxide, a major problem 
is to keep it dry. It boils at about 70 F and is a toxic 
gas. In the presence of moisture, very corrosive 
nitric acid is formed. 

Normally, carbon steel components and assemblies 
are used with nitrogen tetroxide. But where there 
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is potential exposure to atmospheric moisture, stain- 
less steel is used. Storage tanks must be covered 
with an external reflective coating to minimize 
heating by the sun. 

Interstate Commerce Commission regulations, 
governing transportation of nitrogen tetroxide, 
make the shipper responsible for proper packaging 
... to protect the public. (In new cases, supplier 
recommendations usually are accepted by the ICC 
until its laboratory and advisory group, the Bureau 
of Explosives, makes its recommendation.) 


Solid propellants 


Solid propellants are rather easily handled and 
shipped in accordance with procedures and regula- 
tions already established for high explosives by 
military agencies and by the ICC. Loaded rockets 
are transported in a non-propulsive state in order to 
maintain a high degree of safety. 


Personnel training essential 


Properly trained personnel is, of course, a neces- 
sity for the safe handling of all of the various 
missile propellants. The personnel training pro- 
gram established at Convair-Astronautics is typical 
of the importance given to training aspects through- 
out the industry. 

The Convair-Astronautics program was estab- 
lished by a cooperative effort of all departments con- 
cerned. It consists of lectures, demonstrations, and 
written examinations. Detailed operating proce- 
dures are written cooperatively by the participating 
organizations. Thus, appropriate information is 
circulated to all personnel. Each participant gets a 
better understanding of his own functions ... and 
of their effect on subsequent operations. The train- 
ing program has developed among the personnel a 
sense of respect for the propellants, rather than 
fear or complacency. 

The cleanliness concept gets emphasis in personnel 
training programs throughout the industry. The 
specific cleanliness needs are detailed as regards the 
handling of each of the different propellants. In 
connection with handling fluorine, where very care- 
ful safety practices are required, for example, em- 
phasis is placed on the complete safety clothing re- 
quired and on the breathing equipment with a self- 
contained air supply that the product’s toxicity 
makes necessary. 

Serving on the panel which developed the infor- 
mation in this article, in addition to the secretary, 
were: W. J. Cecka, Jr., Rocketdyne, North American 
Aviation, chairman; D. M. Tenenbaum, Aerojet- 
General, co-chairman; B. E. Hill, Olin-Mathieson 
Corp.; E. L. McCandless, Linde Co.; T. J. McGonigle, 
Allied Chemical & Dye Corp.; E. T. Higgins, Rocket- 
dyne, North American Aviation; and C. W. Foster, 
Convair-Astronautics. 


(This article is based on a report of one of 16 
production panels on missiles and aircraft subjects. 
All 16 reports are available as a package as SP-329. 
See order blank on p. 6.) 
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Brake Fade Rated by 


Excerpts from paper by 


Paul G. Hykes and Clarence A. Herman 


Automotive Division, Budd Co. 


RAKE fade or loss of effectiveness occurs when 

heat is generated at a faster rate than it can be 
dissipated. The problem of properly describing 
fade resistance, therefore, is one of semantics. 

Budd describes fade resistance in terms of con- 
tinuous or steady-state horsepower. This decision 
was based on the fact that all automotive engineers 
know the term “horsepower” as used to describe 
engine power, and also know that the brake capacity 
required must be in a certain ratio with the power 
available in the vehicle engine. The brakes should 
not be expected to carry the vehicle down a grade 
or to stop it from a speed which is beyond the capa- 
bilities of the vehicle engine. The words “steady- 
state” or “continuous” separate the problem of heat 
storage from that of heat dissipation. Under 
steady-state conditions, heat is dissipated at the 
same rate that it is generated; and a brake, operat- 
ing at its peak capacity under steady-state condi- 
tions, will theoretically operate indefinitely — the 
only type of failure possible being due to accelerated 
brake lining wear. 

The adoption of our added descriptive term for 
brake fade resistance gave a means of comparing 
brakes without reference to size or type. We could 
pinpoint advantages of different designs of drums 
and of different drum materials. Evaluation of 
brake linings became more simple. 


New term needed 


The need for the new term becomes more obvious 
when we find that the Federal Government, in sub- 
mitting invitations to bid on new military vehicles, 
gives braking requirements in such terms as, 
“Brakes must be capable of stopping the unit on a 
30% grade from 40 mph without fade” and, “Ve- 
hicle must be able to stop in 128 ft from 40 mph 
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consistently. The wording used is certainly am- 
biguous and could be most misleading. 

In 1956 the Commonwealth of Pennsylvania, no- 
ting that certain accidents were being caused by ve- 
hicles which were either underbraked or overloaded, 
passed an ordinance that required all vehicles to 
have at least one square inch of brake lining for 
each 55 lb of gross vehicle weight. The Automobile 
Manufacturers Association and the Truck-Trailer 
Manufacturers Association viewed this activity with 
alarm, since it was a step toward design by legisla- 
tion which in the long run would stifle engineering 
advances. Accordingly, the problem faced by Penn- 
sylvania, and obviously other States, in promoting 
highway safety through legislation was referred to 
the Joint AMA-TTMA Committee on Vehicle 
Brakes. The Committee was asked to develop a 
method whereby the brakes on commercial vehicles 
could be realistically rated and certified by the 
manufacturer as to capacity. 

The Budd test method and rating system was 
presented to the AMA-TTMA Brake Committee for 
consideration. With minor revisions this method 
is now undergoing tests, and results to date look 
promising. Meanwhile, the SAE Brake Committee 
is reviewing the overall problem, and it appears 
reasonable to assume that in the near future a 
new term will be added to our brake engineering 
vocabulary. 


Peak and average braking power 


Before we get into the problems of designing 
brake drums, let us first study some of the condi- 
tions under which the brakes and drums convert 
energy into heat. Since most fleet operators are 
familiar with the drum for the popular 16% x 7-in. 
over-the-highway truck and trailer brake, it might 
be best to concentrate on that size. The drum is 
used on vehicles having a legal weight limit of 
18,000 lb per axle and many of the vehicles are 
capable of speeds of 70 mph. 

In stopping such a vehicle from 70 mph, one 
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brake will absorb the energy of 9000 lb. This energy 
is simple to calculate: 
_ WV? 
KE = 4 MV? 2g 1,470,000 ft-lb 
where: 


KE = Kinetic energy 
M = Mass 
V = Velocity, fps 
W = Weight, Ib 
g = Acceleration due to gravity = 32.2 ft/sec? 


Since one Btu is equivalent to 778 ft-lb, the total 
heat generated in one stop is: 


Q, = 1895 Btu 


If the stop were made according to the Uniform 
Vehicle Code requirements of braking force equal to 
43.5% of gross weight, the stopping rate is 0.435 x 
32.2 ft/sec’ = 14 ft/sec”, and the actual stopping time 
would be 7.33 sec. 

Thus, the 1895 Btu total heat generated in the 
stop would be absorbed in 7.33 sec. This equals 258 
Btu sec and since 1 hp=0.707 Btu/sec, the average 
horsepower in the stop is 365 hp. 

This is the average horsepower developed during 
the complete stop. At the beginning of the stop, 
the peak horsepower is twice the average power, 
since the instantaneous power varies directly with 
the speed, and thus drops off to zero as the speed 
reaches zero. 

Another way of figuring the peak power (the in- 
stantaneous power at the beginning of the stop) is 
from the braking force and speed. In our stop the 
peak power is: Power=FV/375=730 hp, where F = 
force (lb) and V=velocity (mph). 

Fortunately, a truck or trailer combination is 
never called upon to develop braking power con- 
tinuously at these high-power rates because: 


1. On level roads, more than 730 hp per brake 
would be required to keep the speed at 70 mph. 


2. In descending grades, the brakes are usually 
snubbed, and the average power is the same as if 
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Fig. 2—Friction and wear versus temperature in a typical 
truck or trailer brake lining. 
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... continued 


the brakes had been applied continuously. To de- 
velop this continuous peak at 70 mph with dragging 
brakes ‘would require a grade angle the sine of 
which is 0.435. This is an angle of 2534 deg or a 
grade of 48.3%. Such a grade is out of the question 
on public highways and even if there were such a 
grade, it would probably be too short to have the 
power at the peak level very long and most likely 
it would be extremely unsafe to descend at 70 mph. 


3. The power as calculated and shown is the total 
power exerted in stopping the vehicle; however, the 
brake does not convert all this power into heat. It 
is helped by wind resistance, tire rolling resistance, 
and friction in the rotating parts of the wheels and 
drive system components — all of which are other- 
wise known as parasitic power losses when referred 
to in their effect on reducing engine driving power. 
Engine braking also helps retard the vehicle. 


Continuous power 


Let’s proceed to continuous power by again study- 
ing the vehicle making repeated stops on level roads 
from 70 mph. 

Such a vehicle should be capable of making more 
than one stop per mile from 70 mph, but let’s as- 
sume that one stop per mile is all that the engine 
will permit. In making the stop, the brake drums 
will absorb the heat and prior to the next stop, this 
heat must be dissipated. At an average speed of 
35 mph there would be 103 sec for the heat to be 
dissipated. Therefore, the 1895 Btu should be dis- 
sipated at the rate of 18.5 Btu/sec. 

We now have a power requirement which we can 
convert into continuous horsepower (chp); thus 
18.5 Btu/sec = 26 chp. 

So far we have given no consideration to the 
parasitic losses such as rolling resistance, engine 
drag, or wind resistance; and when the 26 chp is 
compared to the actual capacity of brakes, as tested 
on a dynamometer, it is found to be at least 30% 
high. 

Budd has found by extensive testing that the 
steady-state capacity of a brake and drum assembly 
should be in the range of 1.2 to 1.3 chp per 1,000 lb 
brake load for relatively safe highway operation. 

Fig. 1 graphically shows the instantaneous power 
during the stop, the peak power at the beginning 
of the stop, the average power during the stop, and 
the continuous power in a series of stops. 

The difference between peak-power and continu- 
ous power of brake drums can be compared quite 
simply to the storage capacity of a funnel and its 
discharge rate. A funnel could have gallons of 
storage capacity and gallons per minute as a dis- 
charge rate. This would compare to Btu’s storage 
capacity and Btu’s per minute (or continuous horse- 
power) as the discharge or dissipation rate for the 
brake drum. As in the funnel, the two characteris- 
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tics, storage capacity and discharge rate are en- 
tirely divorced from each other. 


Grade prediction 


So far, we have analyzed fade resistance from the 
standpoint of high-speed stops only. This is only 
a portion of the problem, since a series of snubs 
from lower speeds can also build up destructive 
temperatures. Long mountain grades also must be 
considered. However, with our new term “continu- 
ous horsepower,” we can predict the grade that a 
vehicle may safely negotiate. The formula is: 


Grade a. — , where grade is expressed in 
gvw x speed 
per cent, chp is continous horsepower capacity of 
the vehicle brakes, and speed is in miles per hour. 

For actual application of this formula, the rolling 
resistance, wind resistance, chassis friction, and en- 
gine drag must be added to the chp of the brakes. 

Table 1 shows data based on the SAE Truck- 
Ability Prediction SP-82. The effect of brakes has 
been added on the basis of 1.3 hp/1000 lb gyw. This 
figure is, as pointed out earlier, one which appears 
possible. Note that these calculations cover grades 
of indefinite length; therefore, true steady-state 
conditions must obtain. 


Heat storage capacity depends on 
temperature, weight 


We have shown that one of the requirements ot 
a brake drum is that it be able to absorb heat at 
its peak power to temporarily store it and to dis- 
Sipate it later at its continuous power capacity. 
This heat can be stored in a certain brake drum at 
a certain temperature and the same amount of 
heat can be stored at a higher temperature in a 
lighter drum or at a lower temperature in a heavier 
drum. The problem then is a compromise between 
drum weight and temperature. The drum weight 
necessary to store the 1,895 Btu developed in one 
stop can be determined from the formula: 


Where: 


W = Weight of drum, lb 
Q, = Quantity of heat stored, Btu 


C,=Specific heat of drum material, Btu/lb/F 
(0.12 for cast iron) 


T, = Initial temperature of drum, F 


T,= Final temperature of drum, F 


As an example, if 200 F is a safe average drum 
operating temperature, W =121 lb. 

Similarly, if a safe average drum temperature is 
300 F a drum weight of 69 lb will suffice. 

However, if a vehicle is able to make stops from 
higher speeds than 70 mph, or if it is called upon to 
descend grades at higher speeds, for short dura- 
tions, the thermal storage capacity of the drums 
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Table 1 — Parasitic Versus Brake Horsepower Required For Various Vehicles On Grades 


should be increased by additional weight to take 
care of the higher peak power demands. 


Heat disposal 


Brake assembly heat can be disposed of as 
follows: 


1. Radiated to surrounding parts. This is unde- 
sirable .. . tires build up temperatures on their own 
account. 


2. Conducted to surrounding parts. This also is 
undesirable ... the closest parts, such as the tire, 
the hub, and its bearings should not be overheated. 


3. Convected into the passing air. Here is the 
place for the heat! While heat is dissipated by 
convection mostly from the drum ring, it also is 
convected from the surrounding parts which have 
been heated by radiation and conduction. 

Calculations show that conduction and radiation 
are but minor factors in dissipating heat from the 
brake drum. Use the example of a standard 16% 
x 7-in. drum braking a 9000-lb load to a stop from 
70 mph, and assume that the drum ring has an 
exterior surface area of 3sq ft. If the surface area 
is at 300 F and the ambient temperature of air and 
surrounding parts is 70 F, then it would require 
more than 1% hr to radiate the 1895 Btu if the 
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drum surface temperature stayed at 300 F. But 
since its temperature drops as it loses heat, it would 
require more than 3 hr to radiate it all. 

Making appropriate assumptions for conduction 
paths, it would take 49 minutes to conduct away 
the heat of one stop. But the actual time would 
be more than twice as long since the drum tempera- 
ture would drop off while the wheel temperature 
would start at 70 F and increase, thereby decreas- 
ing the differential. 

Thus, convection is the only method left to dis- 
pose of the heat fast enough for the brake to per- 
form satisfactorily. 


Brake drum design and materials 


The usual goals in designing current automotive 
products are maximum performance, long life, light 
weight, and low cost achieved through economy of 
manufacture and low material cost. At the Budd 
Company, the additional and more specific objec- 
tive for brake drum design is to have it function at 
as low a temperature as possible. There are several 
reasons for this approach: 


1. Contemporary brake blocks are predominately 
of the organic type and their friction characteris- 
tics vary appreciably with changes in temperature. 
With small increases in temperature, up to about 
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400 or 500 F, the coefficient of friction drops off but 
slightly; in fact, in many linings it increases a 
little. At higher temperatures, the coefficient of 
friction drops off considerably, often going to half 
of its normal amount and in many cases approach- 
ing zero, as the drum and lining surface tempera- 
ture approximates 800 or 1000 F. This is the main 
cause of fade. 


2. At low or medium temperatures, the wear rate 
on these organic lining materials is quite low, and 
the life of the blocks is good or excellent; but at 
higher temperatures, its wear rate increases and 
might reach as much as ten or twenty times nor- 
mal. Fig. 2 shows how the friction and wear rate 
change with temperature in a typical truck or 
trailer brake lining. 


3. Brake drums expand with increasing tempera- 
ture, thus requiring more brake shoe travel and 
corresponding additional wheel cylinder piston dis- 
placement, whether it be an air or hydraulic sys- 
tem, to maintain pressure between the lining and 
drums. If the air cylinder, wheel cylinder, or mas- 
ter cylinder bottoms, the deceleration falls off. In 
addition, the radius of curvature of the drum as 
compared to that of the lining changes, producing 
decreased contact area and localized high tempera- 
tures. These are the secondary causes of fade. 


4. At elevated temperatures, the strength of any 
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commercial brake drum material is drastically re- 
duced. Undoubtedly, brake drum irons at elevated 
temperatures likewise are softer and would have a 
greater tendency to score and to wear faster. 


5. At higher ambient temperatures in the drum 
and brake, the problems of vapor lock, corrosion, 
frozen bearings, softened springs, and even tire 
fires are more prevalent. Perhaps it should be 
pointed out here that any improvement forthcom- 
ing from the lining manufacturers toward addi- 
tional stability or lower wear might result in still 
better brakes. For example, even a slight increase 
in the lining characteristics might permit designing 
a smaller brake which, because of better circulation 
of air around the drum would offer greater benefits 
than can be attained through brake drum design 
only. 

In the design of brake drums, certain physical 
and material characteristics are of major impor- 
tance for maximum performance. The following 
contribute to lower drum temperature: 


@ MASS: The drum must have enough material 
in it to be able to absorb the heat generated in the 
peak power conditions of high-speed stops or snubs 
and store it at a low, safe operating temperature 
until it can be dissipated. Mass ties in with specific 
heat, since the product of mass and specific heat is 
thermal capacity. 


@ SURFACE AREA: The maximum surface area 
attainable is of utmost importance in lowering the 
brake drum temperature. Because most of the 
heat is dissipated from the brake drum by convec- 
tion, the benefits gained from large surface area 
are quite obvious; and if the additional surface 
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area can be arranged in ribs or fins to increase the 
flow of air over the drum, extra benefits will be de- 
rived. Finally, although the amount of heat dis- 
Sipated by radiation to the surrounding parts is 
relatively small compared to the heat convected, 
additional surface area increases radiation. 


@ HOMOGENEOUS CONSTRUCTION: This is de- 
sirable to avoid barriers to the flow of heat from 
the heat generating surface to the heat dissipating 
surface. This is particularly true of multipart 
drums having cast iron braking surfaces mechani- 
cally attached to a carrier made of high conduc- 
tivity metal such as aluminum. It is also true to 
a lesser extent of bimetallic drums having cast iron 
liners supposedly bonded to high conductivity metal 
where either the bond was defective when the drum 
was made or became so through use. 


@ EXPOSURE: Again, because the majority of 
brake heat is dissipated by convection, it is impera- 
tive that the drum, or as much of it as possible, be 
exposed to the air normally passing by the brake 
drum, wheel, and tire. Likewise, it helps if the 
extensions in the form of ribs, fins, or other shapes 
act as scoops or impellers to increase the circulation 
of air. 


@ SHROUDING: Shrouding is closely associated 
with exposure but is more directly connected with 
designing the drum to leave as much space for air 
to circulate between the drum and the wheel rim 
as possible. We at Budd believe that although the 
flow of air over a drum through the space between 
it and the wheel rim is not continuous and steady 
but that there is turbulent and intermittent flow 
of air into and out of the space between the wheel 
rim and the drum. For that reason we attempt to 
make that opening as large as possible. 


@ THERMAL CONDUCTIVITY: High thermal 
conductivity in a brake drum material has two 
advantages. First, the higher it is, the faster heat 
is conducted away from the braking surface. High 
temperatures in the layer of surface iron results in 
reduced strength, promotes heat checking and 
causes high thermal stresses from localized tem- 
perature differentials. Second, higher conductivity 
results in higher temperatures on the heat dissipat- 
ing surface thereby increasing the total heat dis- 
sipation. Thermal stresses are also reduced be- 
cause of the more uniform temperature throughout 
the drum. 


@ SPECIFIC HEAT: Heat storage capacity, as 
mentioned in the section on mass, is needed in a 
drum to absorb and store heat during the peak 
power braking conditions, at low temperatures. 
Since heat storage capacity is the product of mass 
and specific heat, if it were possible to find a ma- 
terial having twice the specific heat of cast iron, 
a drum could be made with it to have twice the 
storage capacity at the same weight; or a drum 
made of it weighing the same as a cast iron drum 
could store an equal amount of heat at half the 
temperature rise of the cast iron drum. 


@ EMISSIVITY FACTOR: The emissivity factor, 
indicating the ability of an object to dissipate heat 
by radiation is of little consequence in brake drum 
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design, since heat radiated from a brake drum is 
only a small portion of the total heat dissipation. 
Also, emissivity is largely a question of surface fin- 
ish; and a rough, oxidized, or black surface has a 
much higher factor than a smooth, bright shiny 
surface. 


Physical characteristics which contribute toward 
good performance and long life are: 


@ STENGTH: The strength designed into a brake 
drum is a combination of the physical dimensions 
and material characteristics. The need for 
strength in a drum quite obviously is to permit it 
to function properly for a long time under the se- 
vere mechanical and thermal stresses imposed. It 
must not only do this in its, as-designed, original 
condition but in its worn or re-bored condition. 


@ RIGIDITY: Rigidity, or its opposite, flexibility, 
must be designed into a brake drum to allow it to 
conform to brake-shoe deflection under load and 
still preserve, as nearly as possible, uniform pres- 
Sure over the face of the lining. 


Material characteristics which control the per- 
formance and life of a brake drum include: high 
thermal conductivity, high but stable coefficient of 
friction, high specific heat, low coefficient of ther- 
mal expansion, low modulus of elasticity, high melt- 
ing or softening point, resistance to scoring, good 
wear resistance, and resistance to heat checking. 


Cast iron best 


Cast iron has long been known as the brake drum 
material which presented the best braking surface. 
It also has other advantages which are not so 
clearly understood. The recent work done with 
aluminum on passenger car drums and to a lesser 
extent on truck drums would lead some people to 
believe that cast iron may soon go by the boards as 
a drum material except for the braking surface. 
This is far from the truth. Fig. 3 shows the com- 
parative advantages of a typical aluminum alloy 
and a typical cast iron. Only on two counts does 
aluminum excel when properly compared to cast 
iron. 

Cast iron has, in addition to the better braking 
surface: 


1. Lower cost per lb and per cu in. 

2. Higher héat storage capacity per cu in. 
3. Much higher emissivity. 

4. Much less expansion with heat. 


5. A much higher melting point. 


Aluminum excels only in heat conductivity and 
in heat storage per lb. This latter advantage is 
offset by the fact that one pound of aluminum 
occupies more space than one pound of iron, and 
the space available for brake drums is generally 
limited. 


To Order Paper No. 117T .. . 
>». ..on which this article is based, turn to page 6. 
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nuclear fuel for 10’ years 
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ISSION — rather than fusion — will probably pro- 
vide our principal ultimate source of nuclear en- 
ergy, according to Dr. Alvin Weinberg, director of 
Oak Ridge National Laboratory. He bases this pre- 
diction on the following points: 


e The amounts of uranium plus thorium available 
in the earth’s crust are sufficient, conservatively, to 
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Table 1 — Amounts of Deuterium, Li’, U, and Th on Earth 


Will Last at 
Energy Content, 4x10" Mw 


mw -days of 
heat “ Heat) 
te, years 


1.7 x 10° 
2.7 x 10” 
0.5 x 10” 
1.5 x 10” 


Total Mass, 
tons 


Raw 


Material Source 


Ppm 


Sea 33 
Crust 5 
Crust 4 
Crust 12 


6 =x 10° 2.4 x10 
10 x 10” 4 x10 
8x10" 0.75 10” 
25 x 10” 2.3 x 10” 


Crust 6S mx 2+ «OP . 26x 


Note: The basic data in this table are from p. 41 of “Principles of 
Geochemistry,” by B. Mason. Wiley, New York, 1959. 


Deuterium 
Li’ 


Table 2 — Energy Required to Process Granite 
(Values in kw-hr per ton) 


7-9 
10-25 
1 


0.7-2.3 
19-378 


Quarrying, Crushing, Hauling 

Acids 

Other Direct Charges (Water Pumping, etc.) 
Hidden Costs 

Total 


* Approximately equal to 25-48 Ib of coal. 

Note: Data taken from p. 129 (Brown and Silver), “Production Tech- 
nology of Materials Used for Nuclear Energy,” Vol. 8 of “Proceedings of 
International Conference on Peaceful Uses of Atomic Energy.” United 
Nations, New York, 1956. 
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take care of the energy needs of the human race for 
at least 10’ years. 

e The economical production of power from fusion 
presents problems that we cannot now be certain of 
solving. 


Energy from rocks versus from ocean 


If power is produced primarily by fission reactors, 
the nuclear energy resources of the human race will 
depend on the uranium plus thorium resources in the 
rocks. If fusion is the source of power, it will depend 
on the world’s deuterium and Li*® resources (both 
these isotopes can be used in the process). The 
amounts of these elements available and their sig- 
nificance in terms of energy availability are shown 
in Table 1. 

Note that there is sufficient uranium plus thorium 
in the earth to provide an indefinite source of energy 
for mankind via the fission reaction. This is true 
even allowing for the fact that the amount of energy 
“practically” available from uranium plus thorium 
in the rocks is a great deal less than that given in 
Table 1. These reserves should not include, for ex- 
ample, the parts of the earth’s crust under the sea 
or the material more than say, two miles below the 
surface. In addition, only about one-fifth of the 
uranium plus thorium (or 3 grams per ton) is con- 
tained in the rather easily leachable portions of the 
granites. Even if these and other considerations 
should reduce the figures in the table by a factor as 
great as 2000, the energy reserves available to the 
human race would still last for 10’ years, which 
leaves ample time for other energy sources to be de- 
veloped. 

These conclusions also assume ‘that all of the 
uranium and thorium will be burned, not just the 
natural U2**. This requires that breeding reactors 
be developed, a problem to which the AEC is now 
giving appreciable attention. Although the tech- 
nology has not as yet been developed completely, 
there is no reason to believe at present that breeding 
cannot be accomplished successfully. 

It is also assumed that uranium and thorium can 
yield more energy than is required to extract them 
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IN ADDITION to nuclear power, as discussed 

in the accompanying story, Dr. Weinberg 
expects that solar energy will supply some of 
the energy needs of future generations. He 
feels, however, that nuclear power will be the 
more important source, since solar energy will 
always be more expensive and less dependable, 
except for specialized uses, such as space 
heating. 

The nuclear power plants, Dr. Weinberg an- 
ticipates, will supply energy not only for di- 
rect use but also for conversion to more con- 
venient forms or for chemical reduction. For 


from the granites. According to authorities in the 
field, the cost of extracting the “easily” recoverable 
uranium and thorium at the 3 gram per ton level is 
equivalent to from 25-50 lb of coal or 19-37 kw-hr 
per ton of granite. The manner in which this figure 
is reached is indicated in Table 2. 

Since 3 grams of uranium or thorium, completely 
burned, will produce 3 megawatt days of heat 
(equivalent to about 10 tons of coal), it is evident 
that the total energy reserves are increased by this 
extraction process. 

The size of the mining operation required to meet 
assumed annual energy demands of 4x10’ mw of 
heat would not be excessive even by present-day 
standards. Since the production of one megawatt of 
thermal power requires the consumption of approxi- 
mately one gram of fissionable material per day, the 
total U + Th burned per day would be about 40 tons. 
This would require the mining of about 10’ tons of 
rock per day. The world’s daily production of coal 
and lignite in 1953 was 0.610’ tons, a figure very 
close to this magnitude. 


Fusion reactors 


If nuclear power demands were to be satisfied via 
fusion reactors, it would be necessary to “mine” the 
sea for deuterium rather than the rocks for uranium 
plus thorium. We know that this could be done suc- 
cessfully since deuterium is already being produced 
from this source. If it becomes necessary to rely 
upon the D+Li*® cycle for producing fusion power, 
the world would also be faced with a mining require- 
ment for lithium which would be approximately 
equivalent to that just discussed for uranium plus 
thorium. There is no reason to think that this could 
not be handled in an equally successful manner. 

The economical production of power from the 
fusion reaction, however, presents problems which 
we cannot now be certain of solving. To obtain 
fusion between deuterium nuclei, for example, it will 
be necessary to hold the ionized deuterium gas at a 
temperature of 400,000,000 K and a pressure of 60 
atmospheres. Due to the temperature and reactivi- 
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example, he says, small-scale mobile energy 
can be obtained by utilizing either electrical 
or chemical storage systems. An instance of 
the latter would be electrically produced hy- 
drogen, which could be used in the production 
of liquid fuel hydrocarbons from carbonate 
rocks through the hydrocarbon synthesis re- 
action. All ores would be reduced electrically 
since coal would no longer be available. 

Dr. Black has summarized Dr. Weinberg’s 
talk for SAE Journal readers because of the 
importance of his conclusion concerning the 
ultimate sources of energy of the human race. 


ties involved, the pressure must be maintained by 
magnetic lines of force rather than by steel walls. 
It would be premature to say that economical fusion 
processes cannot be developed, but it would be 
equally incorrect to say that mankind’s future en- 
ergy supply is assured on the basis of what we now 
know about the fusion reaction. 
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AEC revises 


radioisotopes 
training program 


HE AEC has revised its radioisotope training 

program for 1960 to make it easier for partici- 
pants to take only as much training as they need. 
Thus, they can spend as little as two weeks, tak- 
ing only the basic radiation physics course, or 
they can go on to take, in addition, a course in 
radioisotope research techniques or one in indus- 
trial radioisotope techniques. These two courses 
also last for two weeks, and are given simultane- 
ously. There is also a 2-week advanced course in 
specialized industrial and research techniques. 


These courses are given by the Special Train- 
ing Division of the Oak Ridge Institute of Nu- 
clear Studies, which has been operating for over 
10 years and has trained several thousand Amer- 
ican scientists, plus over 350 scientists from 56 
other countries. 


All costs of presentation are borne by the AEC, 
except for a registration fee of $25, which covers 
any continuous enrollment period. Convening 
dates for the rest of 1960 are February 29, May 2, 
July 25, and September 6. 


For further information and application blanks, 
write to Dr. Ralph T. Overman, chairman, Special 
Training Division, Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, Tenn. 
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Materials Selected 


600 F Constant-Speed 


Testing proves performance of materials 


in mechanical traction 


ed on papers by WO CONSTANT-SPEED DRIVES are being de- 
veloped under the Air Force 600 F airborne elec- 

C. Flanigen trical system program—Lycoming’s mechanical 
union | 2 traction drive (Fig. 1), and Sundstrand’s hydrome- 
PoE eh chanical drive (Figs. 2 and 3). Materials and fluids 
_e have been selected for the respective drives. Ex- 

S. S. Baits and E. W. Kruge tensive testing has demonstrated their compatibility 


-o Corp 


D. and performance at operating conditions. 


Selecting the best materials 


svsscnveensennssneactnsonenteooeNN Hydromechanical drive—Bronzes aren’t very 
good as piston bores, sleeve bearings, and antifric- 
THE ACCOMPANYING STORY describes how tion bearing retainers in 600 F hydraulic apparatus. 
material and fluid problems were solved in two = So an intermediate air-hardening tool steel is used 
drives for most of the working parts, and its performance 
, : a. has been good. The trade name used by Latrobe 
+ ee ee oe Air Pree Steel Co is MV-1 (it is being called M-50 throughout 
airborne electrica = the industry but this is not an official AISI designa- 
on system = tion). Sundstrand specifies consumable electrode 
base wo papers—one by : Vacuum melt. 

iger and S. S. Baits (Paper No. 102T Mechanical traction drive — Selection of materi- 
the Sundstrand hydromechanical drive. als for the transmission (and the mechanical pri- 
r by C. D. Flanigen (Paper No. 102U = mary control) was more a concern for areas of rub- 
bing contact and of compatibility with the operating 
fluid than merely strength at temperature. The fol- 

lowing materials seem best so far: 


CONE 


TOUTE 


constant- ee 


~-CU UlIVES 


COUGUDODASONMAEOOOOOROEANANDD 


PEELE 


sonneaennitaat 


mechanical traction drive 


Electrical components and materials for the 
program were described in the November SAE 
Journal. The story, “600 F Airborne Electrical 
System Is On the Way,” was based on a paper by 
Jonn Pierro 


Rolls and Toroids — Ferrovac Halmo and T-5 Rex 
Supercut. 

Gears — Nitrided Inco 5% Ni-2% Al Super Ni- 
tralloy and SAE M-10 high-speed tool steels. 


SHUSDUOLODUADOADONUDAUOODOADOEDSOOADNODEDOOOAOOROAOOELAOONUANLSUOUNEGOLOEOEUONLADODOELODOLSUNNELOOCUEDOEUOOONOOEDEOOELANUADOODNONOD ORDO ONO OeHOEHEnEO IEE (continued on page 56) 
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Drives 


and fluids 


Fig. 1— Lycoming mechanical traction constant-speed drive. Two adjacent flywheel mem- 
bers, called toroids, are concentric about the drive axis. Adjacent surfaces of toroids are 
dished to form a toroidal space. Rolls mounted in yokes fastened to a fixed cage within the 
toroidal space contact each toroid. Power is transmitted from one toroid to the other 
through friction because the rolls are easily steered from one roll angle to another to vary 
the speed ratio. Automatic speed controls adjust the roll position to maintain constant output 
speed. 


and hydromechanical drives 


Fig. 3—Schematic of 

Sundstrand transmission. 

It uses in-line hydraulic 

units and the two cyl- 

inder blocks are boited 

together, to achieve dif- 

ferential action. The output element uses fixed displacement per 
revolution unit. In order to obtain differential action without gears, 
both crankshaft and cylinder block rotate on one of the units. Input 
element has variable stroke, and the transmission ratio is controlled by 
positioning the wobbler (or crankshaft) of the input unit. . . . This is 
readily done since it is stationary. 


Fig. 2— Mockup of Sundstrand hydromechanical 


constant-speed drive. 
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Materials Selected for 


600 F Constant-Speed Drives 


. continued 


Bearings — Races and Balls — Ferrovac Rex Su- 
percut, M-50 tool steel, AISI 440C stainless steel 
(equivalent to SAE 51440A). 


Cages — Chromed-plated S-Monel, 
S-Monel, iron-silicone bronze. 


Gear-Type Pump Elements — Nitralloy, M-10 tool 
steel, in a Meehanite housing. 


Housings and Covers— AISI 304 stainless steel 
casting (equivalent to SAE 30304). 


Structural Parts — Vascojet 1000 (equivalent to 
SAE H11). 


Springs — Inconel X. 


Shaft Seals— Aluminum oxide against flame- 
plated tungsten carbide. 


Gaskets — Duroid 5600. 
Raybestos Manhattan A56. 


Overrunning Clutches — Outer race M-10; sprags 
and inner race M-50. 


Transmission fluids 


Traction transmission— The lubricating and 
cooling fluid is an important element in the power 
capability of a traction type transmission. The 
principal fluid that has been used for 600 F testing 
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Fig. 4— Fluid viscosity over required temperature range. 


to date is General Electric F-50 with a blanket of 
nitrogen. This same fluid, without nitrogen, is used 
in lower temperature drives. Power capability is 
about the same at both temperatures. 

Chemical testing on various other fluids shows 
that General Electric Syphenylene 1000 is the most 
stable for 600 F operation. Because it is virtually 
unobtainable in sufficient quantity, no transmission 
testing with this fluid has been accomplished to 
date. The next most stable fluid is GE 81644. (This 
is a combination of F-50 and iron octoate.) Some 
transmission testing with the 81644 has been ac- 
complished. To date, the tests show a sizeable in- 
crease in power at the expense of roller wear. Fur- 
ther investigations are required before any definite 
conclusions can be made, but there is a potential in- 
crease in power capability. 

Hydromechanical drive — MLO-8200 fluid (WADC 
designation) is used in the hydromechanical drive. 
This fluid, developed by the Oronite Chemical Co., 
is a silicate ester blend also described as a disilox- 
ane-ester base fluid. The system is nitrogen-blan- 
keted to extend fluid life. Working fluid is used for 
cooling and lubrication. 

Viscosity is not a big problem, as shown in Fig. 4. 
Low bulk modulus is a concern .. . usable fluids have 
bulk moduli of about 45,000 psi at the high tempera- 
ture (Fig. 5). However, very small passage lengths 
and modest pressure levels help reduce harmful ef- 
fects of low bulk modulus. 


Testing methods, and some of the results 


Mechanical traction drive — Typical mechanical 
components have operated individually and in com- 
bination at 600 F. About 90 hr of tests have been ac- 
cumulated, with many more at temperatures above 
400 F. A breadboard drive containing all the se- 
lected high-temperature materials has completed a 
100-hr endurance test, 20 hr of which were at 600 F. 

Hydromechanical drive — Electrical components 
were evaluated by subjecting samples to required 
operation and environmental conditions. Mechani- 
cal components were evaluated by bench tests and 
by operation of a complete experimental transmis- 
sion at high temperature — one of which was run 
for 20 hr at 600 F and 80 hr at 400 F. 

The friction and wear tester used by Sundstrand 
is Hohman Plating Co.’s model A-6. (Fig. 6 shows 
a schematic of the machine.) The samples are a ro- 
tating ring and two shoes which bear against the 
ring. The force exerted at the contact point is con- 
trolled by adding weight to the lever arm which 
forces the shoes in by the action of the cone cam ar- 
rangement. Friction is measured by a strain gage 
attached to the torque arm which holds the shoes. 
This permits the motion of the shoe required to 
measure the friction force to occur without chang- 
ing the orientation of the contact area on the speci- 
men. Shoe temperature is measured from a thermo- 
couple embedded in the shoe. A wide range of 
speeds can be obtained from the Varidrive and by 
changing pulleys. Breakaway torques are measured 
by turning the shaft manually. 

The specimen may be submerged in the fluid bath, 
which can be heated electrically to the desired tem- 
perature. The tester itself is enclosed in a box with 
sealed penetrations for the driveshaft and instru- 
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ment leads. This allows pressurization or inerting 
as required for test at high fluid temperatures. 
Good repeatability has been obtained on tests run 
on this machine. 

Leaks were a constant headache during the test- 
ing program. For the sake of expediency some as- 
semblies containing O-rings were used and even 
with Viton A material the life of these seals was 
limited to a few hours in places where movement oc- 
curred. The final design uses flat gaskets and me- 
tallic bellows for seals. These have been evaluated 
on rigs and will be satisfactory. 

In order to obtain the high fluid temperatures, a 
special fluid reservoir was constructed. This is a 
tank in an insulated box with quartz tubes radiating 
to the exterior wall of the tank. This system allows 
heating the fluid without the danger of burning it 
with hot spots. The reservoir can also be used for 
fluid evaluation and component tests. 

Electrical components were operated in a small 
oven for preliminary screening. Then the survivors 
were assembled into sample circuits and subjected 
to other environmental tests while operating. These 
included combined high-temperature and vibra- 
tion, combined temperature and altitude, and 
acoustic noise. As may be suspected, it was the com- 
bined high-temperature and vibration tests that 
gave the most trouble. Every piece of equipment 
that passed that test, for instance, passed acoustic 
noise without difficulty. 

The first circuit came back from the temperature- 
vibration test in the form of a multitude of tiny 
pieces poured in a coffee cup. The ceramic tubes 
were particular culprits in this regard. They per- 
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Fig. 5— Bulk moduli of usable fluids at high temperature. 


form quite nicely under the temperature conditions, 
but the manufacturers failed to provide adequate 
mounting provisions. The best method found for 
mounting the tubes is to mount the tube on the 
threaded holes provided and then cradle the tube 
in a ceramic cement. 


To Order Papers Nos. 102T and 102U ... 
... on which this article is based, turn to page 6. 


Fig. 6— Schematic of Hohman 
Plating Co. Model A-6 friction and 
wear tester. 


HEATING ARRANGEMENT 
FOR BATH 


FEBRUARY, 1960 





Quick, Low-Cost Test 


Automatic Transmission 


H. FE. Deen 
and 
. M. Stendahl 


Enjay 


SE OF VARIABLE test time is the key to Enjay 

Laboratories’ new oxidation stability test for 
automatic transmission fluids. It avoids the exag- 
geration of oxidation conditions to shorten test time, 
which is common to all other test methods. 

This oxidation bench test is based on the Power- 
glide L-37 transmission test, run at 300 F. And to 
simulate the limited contacting of the fluid by air, 
characteristic of that test, it is run in an oven. 
Eleven fluids can be evaluated simultaneously. The 
fluids are placed in glass beakers and agitated with 
glass stirrers to simulate agitation of the fluid in 
the transmission. A bronze thrust washer from a 
Powerglide transmission serves as the catalyst and 
the test is run at 300 F for a maximum of 300 hr. 


Using time as a variable 


To implement the concept that time is a variable, 
fluids can be sampled without opening the oven. 
Tubes are inserted in the oven and capped with 
spring oil caps so that long syringe needles can be 
inserted through the top of the oven to withdraw 
fluid-samples. 

Fluids are sampled at 24-hr intervals by filtering 
15. drops through a small filter paper and rating the 
paper visually for sludge deposition. This gives 
quick results and the conclusions are readily ap- 
parent to even untrained personnel. 

Filter papers from a test of a number of commer- 
cial fluids are shown in Fig. 1. Here the striking 
thing is the sharp break in the oil with time, the 
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break point being the condition where sludge parti- 
cles first appear on the paper. 

For correlation studies, the break point in the 
bench test was related to a general description of 
the performance of ATF’s in the Powerglide L-37 
test. It was found that the oils which were poor in 
the L-39 test broke quite early in the bench test, usu- 
ally in less than 100 hr. Fluids rated satisfactory 
or good in the transmission test broke at close to 120 
hr, while fluids rated as excellent did not break until 
close to 200 hr in the bench test. 


Results of correlation studies 


More recent correlation studies were carried out 
between bench test and Powerglide test with air in- 
jection. A good reference fluid, supplied by General 
Motors Research, was used in both tests. Fig. 2 
shows the filter papers from the two tests. The 
papers are rated on a standard demerit scale where 
0 indicates no sludge particles and 10 represents so 
much sludge that the sample was unfilterable. In 
the bench test the break point was 192 hr; in the 
transmission the fluid was good for 192 hr but broke 
at 200. Inspection of the low and drive valve body 
at this point showed trace sludge and light varnish 
formation. Thus, the bench test predicted the break 
point as specified in the procedure for the Power- 
glide test with air injection. 

Fluids that gave excellent results in bench tests as 
well as those that did poorly have shown similar re- 
sults in Powerglide tests with air injection. 

No sound evaluation of a test can be made without 
some idea of its variability. A limited amount of 
data has been obtained which indicates the repeat- 
ability of the break point in the bench test is very 
good. Depending on the relationship of the time of 
sampling to the actual break point, results could 
vary by as much as 24 hr. The standard deviation 
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Evaluates 


Fluid Oxidation 


is 13 hr for fluids in the excellent stability range of 
200-300 hr. This accuracy has proved entirely satis- 
factory for the work done thus far. Obviously, the 
standard deviation could be reduced by sampling 
more frequently than 24 hr. 


What these studies prove 


Time is a very important variable in studying the 
oxidation stability of ATF’s. Once the oxidation in- 
hibiting properties of a fluid has been spent, sludge 
and varnish formation proceed at a rapid rate. In 
both bench and transmission tests, which are run 
for a fixed period of time, this phenomenon could 
easily result in misleading conclusions about the 
relative quality of an ATF. An excellent example of 
this is provided by CRC reference fluid C, shown in 
Fig. 1. The actual break point which occurs between 
99 and 123 hr in the Enjay bench test characterizes 
the fluid as being of borderline quality in the Pow- 
erglide L-39 test. In other words, it is a fluid which 
has a break point close to 300 hr in the transmission 
test. This makes it ideal as a reference fuel if time 
to break point is measured. But if transmission re- 
sults are analyzed only after 300 test hours, it might 
well be a poor reference oil. This is because the nor- 
mal test variability would probably result in trans- 
missions ranging from very clean to very dirty, de- 
pending on how close the break point was to 300 hr. 

These studies also point out the importance of 
regular changes of ATF’s to the automobile owner. 
A fluid might be quite satisfactory up to the recom- 
mended drain period, but after another few thou- 
sand miles could be badly degraded and cause trou- 
bles if left in the transmission. 


To Order Paper No. 124V ... 
...0n which this article is based, turn to page 6. 


FEBRUARY, 1960 


wo 
De 


hy 
&. 


ee 


rt 
7 


a « 
ey 
‘ey 


5 Sr o@ vg 
eee €q 


x 
-_ 


SOOCLCE- 
@000000° - 


Fig. 1 — Filter paper ratings of commercial automatic transmission fluids 
in Enjay bench oxidation test show the sharp point in time at which 
sludge particles first appear. Fluids can be rated quickly and inexpen- 
sively with this bench test. 
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Fig. 2— Comparison of Enjay bench test results on the left with Power- 


glide test (air injection) results on the right, using a good reference 
fuel, shows close correlation. 
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ROSEN reports on 


engine research 


European 


On a recent visit to European manufacturers of diesel engines, 

SAE Past-President C. G. A. Rosen investigated multifuel systems 
for automotive-type equipment designed for the military 

. and evaluated significant developments in combustion systems... 


and in materials and production methods. 


He also 


attended the International Congress on Internal-Combustion Engines and 
talked intimately with the leading European diesel engineers 


who comprise the Congress. 


In this “Overseas Report to SAE Journal,” he details the most 
significant of the impressions he has brought back. 


ISITS to important internal-combustion-engine 
installations in Sweder, Denmark, Austria, 
Switzerland, France, and England revealed signifi- 
cant engineering efforts in progress. For instance: 


1...A general, concerted, experimental effort is 
evident to develop high-pressure-ratio turbocharg- 
ing to achieve engine outputs of 200-psi bmep and 
above. 

2... There is tremendous interest in the develop- 
ment of gas turbines in the range of 1500 hp down 
to very small units. 

3...A determined effort is being made to satisfy 
military needs for multifuel engines. 

4... Modification is taking place of long-held 
classical assumptions on ignition phenomena and 
combustion procedures. 

5... Improved metal processing is widespread 
. .. in foundry techniques, high-pressure die-cast- 
ing methods, automation processing, and quality 
control practices. 

6... Interest is accelerating in small, high-speed 
diesels for use in taxicabs and a variety of small 
vehicles. 

7... Aircooled engines for industrial, truck, and 
tractor application are being produced in increasing 
quantities. 

8... European manufacturers are definitely plan- 
ning invasion of both the United States and out- 
side-of-United States markets now held by Ameri- 
can manufacturers. 
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The road to higher bmep’s 


Every European laboratory, it is very evident, is 
trying to get higher bmep’s by way of high-pres- 
sure-ratio turbocharging. 

The Swedish engine builders particularly are 
working in this direction, reasoning that the diesel 
is a natural for turbosupercharging. 

The compression-ignition, they point out, thrives 
on excess air-fuel ratios. By utilization of excess 
air-fuel ratios, the unit has a higher and more 
uniform output over a wide range of temperature 
and altitude conditions. This permits the burning 
of lower grade fuels to economic advantage. 

In some efforts to develop very high bmep’s—as 
in one specific German engine for instance—the 
cylinders become smaller. But the higher peak 
pressures and high torque reactions are responsible 
for heavy structures in frames, crankshafts, and 
bearings. The point of minimum return may be 
achieved in boosting supercharging to much higher 
pressure ratios than are now being attempted. A 
3/1 pressure ratio, however, is quite in the cards for 
current demands. 


142 labs on gas turbines 


Some 142 laboratories around the world are 
known to be experimenting with or building gas 
turbines in the range of 1500 hp and smaller. Their 


SAE JOURNAL 





configurations have all manner of geometry ... 
from the simple, single-shaft, nonregenerative unit 
to the assembly of multiple turbines, multiple com- 
pressors, heat exchangers, intercoolers, and reheat 
devices. 

One extreme tends toward simplicity, with the 
known penalty of higher-than-usual fuel consump- 
tion, but with lower maintenance costs when good- 
load-factor installations can be _ selected. The 
vehicle-type gas turbine, on the other hand, calls 
for fuel economies competitive with the diesel. So, 
it requires combinations of units and more complex 
geometry of structures to produce good part- 
throttle economy. 

There are some attempts being made to combine 
the gas turbine with the diesel engine for military 
vehicle applications where 40% of the operating 
time may be idle and 40% in the range of 25-30% 
load. This load situation can be normally taken 
care of by a good diesel engine in a small package 
configuration. The 20% maximum load can be car- 
ried by an amplified powerplant to the diesel in 
the same gear train by a floating-type gas turbine. 
This combination will provide the increase of power 
when demanded at short notice. It is highly de- 
sired also in arctic operations. There, starting at 
low temperature would otherwise require kits to 
the diesel. But the gas turbine can be started 
quickly and its exhaust utilized to heat up the diesel 
engine as well as to provide a starting motor, thus 
giving operational functioning at extremely short 
time intervals. 


Multifuel engines for military 


The military requirement for multifuel engines 
has developed programs in Germany, France and 
England for burning 83/91 octane combat gasoline. 
It may be possible to divide these developments into 
three classifications. But a combination of all cate- 
gories may be required to achieve a universally suc- 
cessful multifuel engine for severe American mili- 
tary services at operating conditions from ambients 
of -65 F to 125 F. 

German research programs to achieve multifuel 
engines all utilize high compression ratios to heat 
surfaces which will permit rapid evaporation of 
some portion of the fuel spray to achieve the nu- 
cleus of ignition. The compression ratios which 
have been experienced range from 20/1 to 26/1. No 
definite ratio can yet be claimed as the ultimate 
for a multifuel engine. The four German develop- 
ments include the MAN, a 4-stroke liquid-cooled 
system, with an open combustion chamber. The 
MAN uses a heated, convex piston cavity to achieve 
temperatures which assist in the evaporation of 
the fuels sprayed against its surface. 

Dr. J. S. Meurer, the developer of the MAN, so- 
called M System, indicates that the successful burn- 
ing of combat gasoline is; 


1. Influenced by the character of surface on 
which fuel is injected. 

2. Related to the temperature of the surface on 
which the fuel is injected as an influencing factor 
on evaporation speed. 

3. Influenced importantly by how the fuel is pre- 
treated before striking the hot surface. 

4. Influenced by the vortex of the turbulent air 
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at controlled velocities and directions to give the 
untreated air a chance to pick up fuel. 

5. Dependent on the fuel being injected into a 
definite region to permit high-speed operation with 
satisfactory combustion. 

The MWM System, as developed by Dr. Hans L. 
Hockel, utilizes a double throat in the prechamber 
arrangement wherein the fuel strikes a venturi in 
the central throat which is heated by its isolation 
from the cooling surfaces to temperatures which 
permit the bouncing off of fuel particles in the form 
of vapor, thus accelerating ignition in the vapor 
phase. By arranging a double throat having an 
inner venturi surrounded by an outer annulus, a 
balance in pressures is obtained between the prer 
chamber and main chamber. This reduces the 
velocity of flow of high-temperature gases against 
the piston surfaces, which are shaped to deflect the 
fuel to unburned regions for completion of com- 
bustion. The MWM is a 4-stroke, either aircooled 
or liquid-cooled, engine. 

The Mercedes-Benz is a liquid-cooled, 4-stroke 
engine utilizing a prechamber with isolated sur- 
faces permitting the rebounding of fuel particles 
into vapor, which are more readily ignited by the 
high temperatures at high compression ratios. This 
prechamber engine is of the well known Mercedes- 
Benz design. 

The Deutz is a swirl-chamber, aircooled engine. 
The combustion chamber directs the injection 
stream in opposition to the direction of the tur- 
bulent air currents. A single-hole pintle nozzle is 
used. The main effort in development of this en- 
gine into one capable of multifuel operation is to- 
ward uniformly high combustion cylinder wall 
temperatures. 

The Deutz engine makes use of the regulation of 
aircooling and combustion gas temperatures to con- 
trol the cylinder wall temperatures. Also, the pre- 
heating of the intake air assists in achieving termi- 
nal compression temperatures suitable for ignition 
of combat gasoline. 

A second category of multifuel engines may be 
considered a double-injection method. This idea 
has been promoted for uses other than multifuel 
engines of the military classification. Prof. Paul 
H. Schweitzer has developed it for railroad use as 
a fumigation method. Here a very finely divided 
mist is introduced in the inlet manifold and pre- 
combustion reactions take place in the mixture so 
introduced, prior to the time that the main charge 
is injected. 

At the Institut du Francais Pétrole a method has 
been evolved in which a preliminary charge is in- 
troduced immediately after the exhaust valve is 
closed. The hot residual gases which still remain 
in the cylinder provide temperature for the pre- 
heating of the initial fuel to cause its evaporation 
and retain an atmosphere which is not oxidizing in 
order to generate the desired reactions. These re- 
actions are halted when the admission valve intro- 
duces fresh air, quenching the procedure to the 
point where preignition does not take place. Later 
introduction of the main charge at the end of com- 
pression into a chemically conditioned mixture that 
is ready for ignition produces a smooth and orderly 
combustion procedure. 

The logic of this system can be observed by con- 
sidering the effect of various physical characteris- 
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Rosen reports on 


European engine research 


. continued 


tics of the fuel influencing the physical ignition lag. 
Over and above this lag is a chemical lag, which is 
altered by the percentage of aromatics and other 
components that are present in the fuel and ulti- 
mately determine the total ignition delay. A for- 
mula for the physical delay period, based on the 
equation of delay time from the beginning of injec- 
tion (time =0) to time f, (the time of self-ignition 
as influenced by physical delay factors) is deduced 
in Appendix A. 

From the equations given in Appendix A, it can 
be seen that the significant factor in the formula 
for physical lag time is the square of r, which is 
the radius of the fuel drop or the film thickness of 
the vapor.. Equating r close to zero or approaching 
zero means that t, approaches zero. 

The other factors in the equation have reference 
to the physical characteristics of thé fuel and the 
thermal conditions prevailing at the time of igni- 
tion. From this it can be seen that, with the ap- 
proach to a minimum diameter r (or complete 
vaporization of the fuel droplet) the time lag ap- 
proaches minimum values. This is a feature of the 
Institut du Francais Pétrole method as well as the 
preconditioning of the charge with reference to its 
chemical characteristics. This feature has been 
stressed in Prof. Paul Schweitzer’s “fumigation” 
system. 

The higher aromatic fuels have a longer chemical 
lag. In the presence of sufficient oxygen they react 
rather violently. Under the conditions influencing 
the pre-charge (1) (a non-oxidizing atmosphere) 
when evaporation takes place and (2) subsequently 
subjecting the mixture to a chilling effect, (3) fol- 
lowed by increased oxidation, the fuel is eventually 
prepared for ignition of both the initial and main 
charges. 

The third category can be considered that involv- 
ing reduced heat transfer from the compression 
Space to the cooling medium. This system was ap- 
proached experimentally by the British and indi- 
cated that long stroke/bore ratios were better ig- 
niters of low cetane fuel than short stroke/bore 
ratio engines. From this it was deduced that in 
the opposed-piston engine, having stroke/bore ra- 
tios of the air mixture of at least 2/1 to 2144/1, the 
opportunity for designing a combustion space more 
nearly approaching a sphere where the surface to 
volume ratio is ideal, results in the minimum ex- 
posure of cylinder surface or water-cooled surfaces 
to the air of compression. By utilizing the opposed- 
piston principle, no cylinder heads are involved and 
piston contours can be controlled in temperature 
by air cooling. By making the combustion space 
more nearly spherical, the surface of the cylinder 
exposed to the compressed air represents minimum 
values. 

In the 2-stroke opposed-piston engine the recip- 
rocating forces permit the utilization of heavy 
piston crowns, which can be made of heat resistant 
steel and thus retain a high surface temperature, 
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greatly assisting in raising the terminal tempera- 
ture of the air and accelerating ignition conditions. 
It is known that combat gasoline requires almost 
350 F higher temperature to achieve self-ignition 
than is required by a conventional diesel fuel. A 
simple way to achieve this result is to utilize a high 
stroke/bore ratio wherein the heat losses to the 
surrounding media are reduced to a minimum. 
The British multifuel engine for military uses, 
from minimum horsepowers to maximum, involves 
development of opposed-piston engines as initiated 
by the Fighting Vehicle Research and Development 
Establishment. They claim that in the uniflow 
opposed-piston 2-stroke engine the stroke/bore ra- 
tio is higher than for any other type, and, at equiva- 
lent dead center, the area of cooled combustion 
chamber is the minimum. At the same time the 
available space for parasitic air is also a minimum. 
Further, by the use of tangential inlet ports a high 
degree swirl can be imparted to the incoming air. 
The system can be further enhanced by the use of 
two-part pistons where the crown is virtually in- 
sulated from the skirt by reason of the small area 
of contact between them. This enables the crown, 
which is of a heat resisting steel, to run at a much 
higher temperature than is usually possible. 


Byproducts of multifuel research 


Development work on multifuel engines has 
yielded a byproduct of increased knowledge of the 
combustion process. It has made for better diesel 
engines of the conventional type. In the search for 
new information some of the more classical as- 
sumptions on ignition phenomena have been modi- 
fied. The work of Dr. Meurer, Dr. Hockel, and the 
Ricardo Laboratories has presented new concepts 
of ignition and combustion that will enhance the 
opportunities for the compression-ignition engine 
in greater utility and usage. 

The colored photography which has been accom- 
plished by Alcock of the Ricardo Laboratories, as 
disclosed in his paper, “The Combustion Process in 
High-Speed Diesel Engines,” is of major signifi- 
cance. It has been shown in these photographs 
that fuel is ignited in the extremely finely divided 
evaporated stage of fuel film which is even beyond 
photographic delineation. Here ignition takes place 
at its nucleus and spreads along the fringe of va- 
porized fuel, bouncing off from heated surfaces in 
the combustion chamber. 

Dr. Meurer has pioneered in methods which have 
improved ignition and reduced ignition delay, mak- 
ing it possible to burn low cetane fuels and combat 
gasolines. 

Dr. Hockel has done similar work in his labora- 
tory in Mannheim and has achieved some signifi- 
cant information on tests conducted in bombs, 
where heated air is introduced into a chamber and 
dual injection takes place. The initial injection is 
a reference fuel, after which chemical constituents 
or other components in the fuel are introduced in 
a secondary injection to accelerate or decelerate 
the ignition and combustion phases as desired. 


Advances in metal processing 


Hanomag is building a 2-stroke, loop-scavenged 
engines without machining of ports, which still 
achieves high precision of performance and pro- 
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Appendix A 
Derivation of Formula for 
Physical Ignition Delay 


As shown in Fig. 1, total ignition lag is a com- 


posite of physical and chemical lag. 


Physical lag time (t,) is expressed by the equa- 


tion: 


*ts Tr? ¥.C 04 dé 
a, <. f ie 


where: 


r = Radius of fuel droplet or thickness of fuel film 


y, = Specific weight of fuel 
c, = Specific heat of fuel 
k= Thermal conductivity of air 
6= Fuel temperature 
6,= Temperature of air of combustion 
9,= Self-ignition temperature of fuel 


Solving the equation for t, gives: 
(9,- 9) 
S (9, - 9) 


Tr a 


Cc, 
3x «108 


t, = 


Note that the significant factor influencing igni- 
tion lag is the radius of the fuel droplet, as it enters 


the equation as the square. 
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duction control. This is accomplished by the intro- 
duction of highly accurate coring and molding 
techniques, using plastics and coin pressed dryers. 

It is also significant that high-pressure die cast- 
ing has achieved a very enviable place in metal 
processing. Without machining Bosch is making 
fuel pumps, housings, and pressure chambers of 
die castings which have high densification and 
extremely accurate surfaces. 

There are other instances, such as in the Hano- 
mag production of 2-stroke loop-scavenged engines, 
utilizing Roots Blowers, where housings are die 
cast and rotors are die cast within very close limits, 
with minimum surfacing required to achieve de- 
sired efficiencies. 

It is well known that the automation which has 
been achieved by Renault is of major interest. The 
production of high quantities of cylinder blocks by 
automated processes with accurate quality controls 
is of significance. Also at the Renault plant the 
utilization of casting techniques for cylinder liners 
and crankshafts with stress-relieving and surface 
treatment processes yield high wear resistant sur- 
faces and low fatigue failures. 

There are a great number of European manufac- 
turers who introduce quality control stations at 
many points in the production line to minimize the 
number of rejects at the end of the machining 
schedules, thus minimizing the problem of assem- 
bly inspections. 

As has been noted, there is an accelerated inter- 
est in small high-speed diesel engines for vehicles 
such as taxicabs. Some engines of the heavy-duty 
spark-ignition type have been successfully con- 
verted to compression-ignition engines, as, for ex- 
ample, by Dr. List’s laboratory at Graz, Austria, 
and Ricardo in England. It is also significant that 
one-third of the Mercedes-Benz production of en- 
gines per day consists of compression-ignition en- 
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Fig. 1— Diagrammatic sketch showing 


relationship of physical lag and chemical 
lag. 
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gines installed in vehicles for passenger use. 

The growing demand for aircooled engines is 
making important inroads in industrial applica- 
tions. For instance, in the Deutz plant at Cologne, 
aircooled 4-stroke engines are built in such quanti- 
ties that they are virtually hung on racks like ba- 
nanas before shipment. They are installed in all 
manner of industrial vehicles, trucks, railcars, and 
other equipment. Similarly, manufacturers, such 
as MWM, have a high production of small aircooled 
engines and stockpile these engines for immediate 
deliveries for wide acceptance. The range of pow- 
ers most demanded in aircooled designs is from 4 
hp to 300 hp, with the major emphasis in the range 
of 200-250 hp. 

It is quite evident that all European manufac- 
turers are watching the rising cost of labor in 
America and its influence on material costs. This 
is leading the progressive European manufacturer 
to believe it is timely to consider invading Ameri- 
can markets in Africa, South America, and even- 
tually in America itself. 

It is a well-known fact that a number of Ameri- 
can manufacturers are now producing in quantity 
in various European countries as well as in Japan, 
at much lower manufacturing and assembly cost. 
It is generally felt that an invasion of American 
markets is on the way and will prove of much con- 
cern to American manufacturers. 

It is of interest to know that a large number of 
American internal-combustion-engine manufactur- 
ers are utilizing the talent of European research 
laboratories and engineers for the development of 
new types of engines. The development cost in 
European laboratories is far less, in some cases, 
possibly 25-30% of that which such developments 
would cost in America. This will prove of much 
influence to the future products of American inter- 
nal-combuston-engine manufacturers. 
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Based on paper by 


Norman A. Hunstad, Robert A. Wilkins, 
Robert E. Osborne, and Ellard D. Davison, Jr. 


General Motors Research, GMC 


ESTING is the backbone of the transaxle fluid de- 

velopment of GM Research. Through testing, five 
promising transaxle fluids have been screened out of 
32 mineral-oil-base fluids, 10 synthetic-base fluids, 
and numerous additive-base stock combination 
fluids. While the final proof will be the field tests 
in actual transaxles, industry can speed its progress 
toward a suitable single fluid by observing the results 
of the many bench and proving ground tests adapted 
to transaxle fluid testing by GM. 

Transaxle fluids have an impressive array of prop- 
erties of major importance to performance, which 
require exhaustive test screening. These properties 
include: 


e High-temperature viscosity. 

e Low-temperature fluidity. 

e Shear resistance. 

e Friction properties. 

e Oxidation resistance. 

e Antifoam quality. 

e Effect on seals. 

e Fluid-clutch plate compatibility. 
e Antiwear quality. 

e Extreme-pressure quality. 


In addition, antirust and anticorrosion quality also 
play an important role in fluid evaluation. 


Plumbed car testing 


The plumbed car was one approach to transaxle 
fluid testing when a production automatic transaxle 
designed to operate with a single reservoir was not 
available. 

In the plumbed car, the fluid of the separate trans- 
mission and axle is mixed during testing. This is 
done by pumping the fluid between the two compo- 
nents during test driving. (See Fig.1.) In this way 
the effect of both components on the fluid and the 
“mixed” fluid on the components can be evaluated. 

An example of this type of interaction testing oc- 
curred when phosphate coating was applied to the 
axle hypoid gears in an effort to reduce the trans- 
axle lubrication requirements. There was some con- 
cern whether phosphate wear particles in the fluid 
would cause malfunction of the transmission. 
Plumbed car tests indicated there probably was no 
contamination problem. 

Another way of achieving “interaction” testing is 
to periodically mix the fluid being tested in the sepa- 
rate axle and transmission. This technique does 
not give the continuous mixing of the plumbed car 
but does eliminate the mechanical problems that 
can arise with plumbed cars. For example, Table 1 
shows some results of plumbed car testing. In two 
cases the test was discontinued because of plumbing 
failures. (The first test was discontinued because 
the fluid showed undesirable properties in other 
tests.) 
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Fluid shear stability is another important factor 
that can be evaluated by plumbed car testing. Test 
evidence indicates that the axle has a higher shear- 
ing rate than the transmission, probably due to high 
pressures and sliding velocities between hypoid 
teeth. The loss of viscosity of a shear sensitive fluid 
due to axle shearing may cause transmission mal- 
function since it is known that automatic trans- 
missions can be sensitive to viscosity loss resulting 
from fluid shearing. 


Bench and proving ground tests 


“Normal severe abuse” of cars in customers’ hands 
still may rule out fluids that have passed a plumbed 
car test. Accordingly, tests are chosen which have 
for many years been used to evaluate transmissions, 
axles, and their lubricants. The battery of tests 


Tests Evaluate 


and 


Move to single TAF is speeded 


used is shown in Table 2. 

This series of tests was used to further screen out 
the usable contenders from the 32 mineral-oil-base 
fluids submitted for test. Three came through (see 
Table 3) sufficiently to warrant further investiga- 
tion. 

An example of how one of these tests also 
pointed the way to proper phosphate coating of 
hypoid gears is illustrated by Fig. 2. Gears with a 
fine-grain phosphate coating passed the GMR Hy- 
poid Gear Test for Transaxle Fluid, No. 2, while the 
coarse-grain surfaced gears failed when tested with 
the same fluid. 


Additive testing 


Another test approach to transaxle fluid develop- 
ment is to isolate the effect of additive concentra- 
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tion and composition. Since extreme-pressure (e-p) 
additives are one of the most critical, they were ex- 
amined in detail. 

The initial step is to eliminate the e-p effects of ad- 
ditives intended primarily for such qualities as anti- 
squawk and oxidation inhibition. To do this, an 
additive carrier was blended with no known e-p 
qualities. This carrier was also made to give vis- 
cosities in the automatic transmission fluid (ATF) 
range. Incremental effects of different additives 
could then be studied without the masking effects 
of other mildly e-p active agents. 

Testing in a fully compounded transaxle fluid 
(TAF) is still necessary when a promising e-p addi- 
tive is found. This is pointed up in Table 4 where 
the results of additive testing are reported. Di(n- 
octyl) phosphite (DOP) gave a ring gear rating of 2 
when added to an automatic transmission fluid while 
the same 2% DOP concentration in the additive car- 


42 TAFs’ 


Additives 


by GM bench and field tests. 


PUMP INDICATOR LAMPS 


FLOAT SWITCH 


FEBRUARY, 1960 


Fig. 1 — Plumbed car 


circuit diagram. 


"Transaxle fluids. 
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Tests Evaluate 42 TAFs 
and Additives 


. continued 


rier gave a zero rating. There is apparently an in- 
teraction between DOP and the other additives in 
the ATF. 


Results of additive testing 


Three additives showed promise as a result of the 
gear testing of 20 fluids shown in Table 4. They are: 


Treated tri(2-chloro-l-methylethyl) phosphite 
Di(n-dodecyl) phosphate 
Di(n-dodecyl) phosphite 


The last of these additives provided a link be- 
tween chemical composition and mechanical per- 
formance when it and two related compounds were 
tested. Di(n-dodecyl)phosphite has a carbon chain 
containing 12 carbon atoms. Other related com- 
pounds having carbon chains containing 4 and 8 
carbon atoms were also tested. All three had satis- 
factory gear lubricating qualities, but their com- 
patibility with clutch plate friction materials 


increased with the length of the carbon chain. Ad- 
ditives with longer carbon chains, such as C,., were 
considered but appear to be impractical because of 
solubility difficulties. 


>» To Order Paper No. 117A .. . 


..on which this article is based, turn to page 6. 


BE SURE TO SEE PAGES 68 and 69 
describing two tests that played a 
major role in transaxle fluid test- 


ing... 


Fig. 2— Variation of phos- 
phate coated gear surfaces. 


POUT 


Table 1 — Plumbed-Car Test Results 


Pro- 
posed 
Trans- 

Fluid 

axle 


Dynaflow oO 


Total 
Miles 


Trans- 
mission 


Remarks 


Test discontinued, no 
failure 

Mechanical failure of 
plumbing circuit 

Mechanical failure of 
plumbing circuit 


Buick 14,435 


Buick Dynaflow P 15,868 


Oldsmobile Hydra-Matic Q 23,400 
(controlled- 
coupling) 

Hydra-Matic 
(controlled- 
coupling) 

Oldsmobile Hydra-Matic 

(controlled- 
coupling 


21,000 25,000-Mile General 
Durability Schedule- 
pinion bearing failure 


Car is still in service 


Pontiac 


18,000 


Table 2 — Tests Used for Evaluating Transaxle Fluid 


Test* Requirement 


Plumbed Car Test Operation under customer-type 


driving conditions 


Hypoid-gear tooth-surface protection 
Hypoid-gear frictional noise 
(reverse noise) prevention 


GMR Hypoid Gear Test for 
Transaxle Fluid, No. 2 


Powerglide Transmission Inertia | Clutch-plate lubrication 


Cycling Test 


Chevrolet Fade Test Clutch-plate lubrication 


Clutch-plate lubrication 

Viscosity stability 

Oxidation resistance and thermal 
stability 

Seal compatibility 


Hydra-Matic Transmission 
Inertia Cycling Test 


Lubrication of clutches and other 
transmission parts 


Proving Ground 5000-Mile LL 
Schedule 


Powerglide Oxidation Test (CRC 
Designation L-39)—with and 
without air 


Oxidation resistance and thermal 
stability 


Tentative Procedure for Brook- Low-temperature fluidity 


field ATF Analysis 
Seal Dip Cycle Test Seal compatibility 


Total Immersion Test Seal compatibility 
(ASTM D471-57T) 


® Details of these tests are presented in Paper No. 117A. 
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seen 


GMR 
No. 2 
Gear Test 


Fluid 


Pass 


B Pass 
c Pass 


Chevrolet 
Fade Test 


Pass 


Pass 
Pass 


Table 3 — Mineral-Oil-Base Fluids to Be Further Investigated 


Proving 
Ground 
5000-Mile 
7/11 Schedule 


3 tests: | pass, 
1 borderline, 
1 fail at 4800 
miles 


Powerglide 


Inertia 
Cycling 


3 tests: pass 


2 tests: pass 


25,000-Mile 
General 
Durability* 


Powerglide 
Oxidation4 


Condition 1: pass 
Condition 2: fail 


Pinion bearing” 
failure at 
21,000 miles 


Condition 1: pass 
Condition 2: fail 


Pass‘ 


COUUSEEUELEDOLEATTECDTUDEEE OUD EDOCDEE EEE EEE EDEL EP EERE EA 


Viscosity- 
Tem- 
perature 
Charac- 
teristics 


Pass 


Pass 


* The 25,000-Mile General Durability Schedule is run at General Motors Proving Ground as a final test of car performance. It includes a wide 


range of driving conditions. 


> Plumbed-Car Test using a Pontiac—pinion-bearing failure may have been due to oil starvation resulting from circulation system failure. 


© This test was run 35,000 miles using a Chevrolet. 
Test run under both conditions | and 2. 


Table 4 — Additive Evaluation Studies 


Base Fluid 


Proposed automatic transmission 
fluid 

Additive carrier* 

Proposed automatic transmission 
fluid 

Proposed automatic transmission 
fluid 

Proposed automatic transmission 
fluid 

Proposed automatic transmission 
fluid 

Additive carrier* 

Additive carrier 

Additive carrier 

Additive carrier 

Additive carrier 


Additive carrier 

Automatic transmission fluid | 
Automatic transmission fluid | 
Automatic transmission fluid | 
Automatic transmission fluid | 
Automatic transmission fluid II 


Automatic transmission fluid II 
Automatic transmission fluid I! 
Automatic transmission fluid III 


GMR transaxle blend No. 1313 
GMR transaxle blend No. 1319 
GMR transaxle blend No. 1320 


* Additive carrier: 95.5% 


Additive 


Di(n-octyl) phosphite 
Di (2-ethylbuty!) phosphite 
Di(2-butylocty!) phosphite 


Di ( 2-ethylthexyl) phosphite 

Di(n-octyl) phosphite 

Tri(n-dodecyl) trithiophosphite 

Di (n-dodecyl) phosphite 

Di (n-octadecyl) phosphite 

Treated tri(2-chloro-1- 
methylethyl) phosphite 

Di (n-dodecyl) dithiophosphite 

Dibenzyldisulfide 

Lead di(n-amyl) dithiocarbamate 

Zinc dialkyldithiophosphate 

Chlorinated wax 


Di (2-chloroethy!) vinylphosphonate 


Di (n-butyl! phosphite 

Di (n-dodecyl phosphite 

Treated tri(2-chloro-1- 
methylethyl) phosphite 


Extreme-Pressure Quality 


Con- 
cen- 
tration 


b Gear 


————_ 


0 


1 
5 


2 


1 desi 
ast 0 
— 0 


— 3 


> Scale of 0 (no teeth surface distress) to 5 (very bad distress) ; 3 borderline. 
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GMR No. 2 Gear Test 


y : 
Weight, Rating” 
b  peintaciale 


Ring Pinion 


3 


5 


2 


2 
2 


4 


(by weight) automatic transmission fluid base stock, 4.5% (by weight) viscosity index improver, 20 foam inhibitor. 


Clutch Plate Compatibility 





Hydra- 
Matic 
Trans- 
mission 
Inertia 
Cycling 
Test 


Power- 
glide 
Trans- 
mission 
Inertia 
Cycling 
Test 


Noise Rating 


Heavy reverse 


Medium 


Trace Pass 


Heavy noise 
Medium 


Heavy noise 
Trace 

Very noisy 
Trace 

None 


Trace 
Heavy reverse 
Heavy growl 
Growl 
Heavy reverse 
Heavy whine 
Medium 
3 tests: 
fail 
2 tests: 
borderline 
Fail 


Trace 
Trace 
Trace 


Proving 
Ground 
7/11 
Schedule 


Chev- 
rolet 
Fade 
Test 


Fail Pass 


Fail: 


1099 miles 
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Tests Evaluate 42 TAFs 


m 
Hil 


y 


1 . « « « GMR Hypoid Gear Test for Transaxle 


Fluid, No. 2 


Also referred to as “Oldsmobile Schedule No. 26 Test 
(modified) or “Oldsmobile Double-Bump Test” 
This test is used to evaluate transaxle 
fluid performance in an axle. Use an Olds- 
mobile Super 88 for this test. 


(1) Install new differential assembly and 
test lubricant. 

(2) Warm up car for five laps of track at 
40-50 mph. Avoid fast acceleration or de- 
celeration. 

(3) Test for drive, float, and coast noises 
at speeds up to 75 mph. 

(4) Make 10 wide-open-throttle acceler- 
ations from 60 to 100 mph, decelerating 
with closed throttle. These are to be suc- 
cessive. 

(5) From a stop (stall with brakes on and 
wide open throttle) release brakes and ac- 
celerate in drive range wide open to 50 mph. 
Pull shift lever into low range and let car 
coast down to stop with closed throttle. 

(6) Repeat No. 5 except accelerate to 60 
mph. 

(7) Repeat No. 5 except accelerate to 70 
mph. 

(8) Repeat the 10 wide-open accelera- 
tions from 60 to 100 mph as in No. 4. 

(9) Test for drive, float, and coast noises 
as in No. 3. 

(10) Repeat Nos. 4, 5, 6, 7, 8, and 9. 

(11) Test for reverse noise on 11.6% hill. 

(12) Disassemble differential and inspect 
all parts. 


The requirement for this test is absence 
of noise, wear and geartooth surface dis- 
tress. 


. . « Powerglide Transmission Inertia Cycling Test 
Scope: 


1. This test procedure is intended for de- 
termining the operating performance of 
transaxle fluids in a Powerglide transmis- 
sion. 


Outline of Method: 


2. A test fluid is used in a Powerglide 
transmission which is run 5000 cycles or 
number of cycles to failure. The duration 
of each cycle is 12 sec, 6 sec open-throttle 
acceleration, through the upshift range, 
and 6 sec closed-throttle deceleration. 


UN 


These two tests played a 


Apparatus: 
3. a. Chevrolet engine with a 4-barrel 
carburetor. 

b. Rebuilt Powerglide transmission 
using Type A or B clutch plate material. 

c. General Electric 200-hp electric dy- 
namometer, Model 26-G-283. 

d. Inertia System: 

Flywheel 18.3 lb-ft? 
Shafts, flanges, universal 

joints, and coupling’ 7.9 lb-ft? 
Dynamometer Rotor 90.3 lb-ft? 
Total inertia of the 

system 116.5 lb-ft? 

e. Torquemeter, 12,000-lb in. capacity. 

f. Engine cycling timer and an air cy- 
linder to actuate the throttle. 

g. Recording oscillograph to record 
with time: 

(1) Engine rpm. 

(2) Transmission output shaft rpm. 

(3) Transmission output shaft 
torque. 

(4) Clutch apply pressure. 

(5) Main line pressure. 

h. Transmission sump fluid cooler cir- 
cuit containing a pump, 3-way throttling 
valve, and heat exchanger. 

i. Heat exchanger to control the 
transmission lubrication fluid temperature. 

j. Instrumentation for observing the 
following temperatures: 

(1) Transmission lubrication fluid. 
(2) Transmission sump fluid. 

(3) Engine oil. 

(4) Engine water. 

k. Instrumentation for observing en- 
gine speed and dynamometer speed. 

1. Running time meter. 

m. Cycle counter. 


Preparation: 


4. a. Clean all the transmission parts 
with cleaning solvent. 

b. Rebuild the transmission to Chev- 
rolet Shop Manual specifications, using the 
following new parts: 

(1) Type A or B composition faced clutch 
plates and steel plates. 

(2) All seals and gaskets. 

(3) Clutch drum thrust washer, low sun 
gear thrust washer and bushing, low-and- 
drive valve body, and governor. 

(4) All defective parts. 

c. Grind 0.050 + 0.002 in. off the end of 
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major role in transaxle fluid testing. 


the detent valve that the throttle valve 
lever acts on. The detent valve is modified 
to obtain a full detent upshift point and a 
detent touch downshift point using a fixed 
throttle valve pressure. 

d. Install adjustable bracket or rod 
for securing the throttle valve lever at fixed 
positions and connect pressure gage to the 
throttle valve test plug. 

e. Install vacuum modulator plunger 
length adjustor and connect pressure gage 
to the clutch apply test plug on the low 
and drive valve body side cover. 

f. Install transmission to engine and 
dynamometer. 


Starting Procedure 


5. a. Fill transmission with 5 qt of test 
fluid. 

b. Start engine, transmission in neu- 
tral, and with the engine idling add an- 
other 51% qt of fluid. 

c. Start auxiliary pump and circulate 
sump fluid through cooling circuit. Add 
fluid as required (approximately 2 qt). 

d. Run transmission in low range % 
hr. 

Engine: 1000 rpm 
Transmission output shaft: 40 lb-ft 


Auxiliary pumpison. Water is turned off 
to the heat exchangers in the sump and 
lubrication circuits, unless required. Lubri- 
cation-in temperature shall not exceed 
140 F. 

e. Check transmission fluid level. 


Cycling Procedure: 


6. a. Place transmission shift lever in 
drive range. 
b. Set cycle start position by adjust- 
ing the carburetor idle speed screw and the 
dynamometer load. 


Engine: 450-500 rpm 
Transmission output shaft: 40—45 lb-ft 


c. Set throttle valve pressure (50-55 
psi range) to obtain an upshift peak engine 
speed of 4100-4150 rpm. 

d. Set engine throttle opening and 
dynamometer speed boost control to obtain 
an acceleration time of 3.8—4.2 sec, from the 
cycle start to 4100-4150 engine rpm. At the 
start of the upshift the transmission output 
shaft torque is 350-365 lb-ft at 2200-2250 
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rpm. After the upshift, transmission in 
direct drive: 


Engine: 2650-2775 rpm 
Transmission output shaft: 275-290 lb-ft 
at 2275-2400 rpm 


Clutch apply pressure in direct drive is 
set at 88-90 psi by adjusting the vacuum 
modulator plunger length. 

e. Manually open engine throttle and 
upshift transmission to check operation. 

f. Start cycle, 6 sec open throttle and 
6 sec closed throttle. Open lubrication 
cooling circuit as required. 

g. Start cycle timer when sump fluid- 
out temperature is 175 F and lubrication-in 
temperature is 130 F. Transmission sump 
fluid-out temperature, 180 +5 F, and lubri- 
cation-in temperature, 135 +5 F, are main- 
tained constant throughout the test. 

h. Check transmission fluid level while 
idling at operating temperature and correct 
if required. 

i. Record each hour the following: 


(1) Time of day. 

(2) Running time. 

(3) Number of cycles. 

(4) Engine rpm at upshift. 

(5) Transmission output 
rpm at upshift. 

(6) Dynamometer load at upshift. 

(7) Acceleration time from cycle 
start to the upshift. 

(8) Clutch apply pressure after 
upshift. 

(9) Transmission sump fluid-out 
temperature. 

(10) Transmission lubrication 
fluid-in temperature (max). 

(11) Engine oil temperature. 

(12) Engine water-out tempera- 
ture. 


j. Record with oscillograph each hour, 
or at test failure, the information listed in 


3g. 


shaft 


k. Check transmission fluid level each 
8-hr shift. If low, add as required and re- 
cord amount. 

1. Terminate the test at 5000 cycles or 
at point of transmission malfunction. 


Report: 
7. a. Condition of clutch plates. 
b. Condition of other transmission 
parts. 
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Doppler-Inertial Navigation 


System for Jet Transports 


.. a guidance system developed for missiles offers accurate 


flight control information to the pilot of supersonic aircraft. 


L. S. Reel 


HE DOPPLER-INERTIAL NAVIGATION SYS- 

TEM, now used on missiles and space vehicles, can 
be adapted to supersonic jet transports. It can sup- 
ply continuous, automatic, and accurate information 
on aircraft attitude, ground velocity, present posi- 
tion, distance to destination, and distance to the left 
or right of desired ground track. Such a system 
would supply rapidly the up-to-the-minute informa- 
tion needed to navigate high-speed aircraft. A 
drawback of current navigation systems is the time 
the pilot takes to calculate his position — on super- 
sonic aircraft, the pilot will not have this time. 


Formation and operation of system 


A doppler-inertial system is the combination of a 
set which measures ground velocity by means of the 
doppler principle with a set which derives ground 
velocity by means of inertial principles. Each set 
has its own error characteristics. The first step 


Doppler 
laertia Data 
Velocity Processor 
Comparator 


seesna ete 


SYSTEM 
OUTPUTS 


Reece 


Fig. 1 — Flow of information in the doppler-inertial system. 
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toward making a doppler-inertial system is to com- 
pare the velocity outputs of the two. The difference 
between the two signals can be treated as an error 
signal and used to feed corrections back into the 
system. The fact that the doppler velocity accuracy 
is independent of time (for times greater than sev- 
eral seconds) permits using the difference to make 
long term corrections in the inertial velocity out- 
puts. By taking the final system velocity output 
directly from the acceleration integrator output of 
the inertial set, the short term, good instantaneous 
response of the inertial equipment is maintained. 
The doppler-inertial system does not pass rigid 
error variations originating in the doppler set. This 
selectivity in the source of the velocity information 
means that the combined system inherently pro- 
vides highly accurate velocity information over all 
time periods. 

A diagram indicating the flow of information in 
the doppler-inertial system is shown in Fig. 1. The 
blocks represent the doppler set, the doppler-iner- 
tial velocity comparator, the inertial set, and the 
data processor. The doppler and inertially derived 
velocities undergo comparisons in the doppler-iner- 
tial velocity comparator. This latter unit operates 
upon the difference velocities in a predetermined 
way and furnishes the resulting feedback error sig- 
nals to the inertial ground velocity indicator. The 
primary system outputs appear at the output of the 
inertial set. A data processor operates upon these 
outputs to provide necessary derived flight control 
information. 

One of the simplest ways to make corrections in 
the inertial set is to amplify the difference signal 
and feed it directly into the inertial set to the ap- 
propriate functions. There are two functions within 
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Fig. 2— Block diagram of the doppler-inertial system adapted for use in a jet transport. 


the inertial equipment to which the error signals 
may be added: 


1. The input of the acceleration integrator where, 
upon integration, it makes a direct correction in the 
inertial velocity output. The integrator itself pro- 
vides averaging of the error signal, which includes 
doppler signal components. 

2. The precession signals for the platform, which 
compensate for gyroscope drift and accelerometer 
errors. This compensation results in a direct cor- 
rection of platform vertical errors and indirect cor- 
rection of inertial velocity errors. 


In the resulting doppler-inertial system, the dop- 
pler-derived velocity information provides damping 
and correcting signals to the inertial set. This tech- 
nique dampens the amplitude and reduces the pe- 
riod of the error oscillations; in addition, it counter- 
acts the errors which are constant or which are 
random. The combined system acts as a low-pass 
filter for velocity errors originating in the doppler 
set and a high-pass filter for errors originating in 
the inertial set. This is, therefore, an optimum 
combination, obtaining the most desirable charac- 
teristics of the two sets. 

The system furnishes a vertical reference whose 
accuracy is independent of direct aircraft accelera- 
tions and is adequately compensated for accelerations 
originating in the profile of the earth and Coriolis. 
This reference is very precise and instantaneously 
accurate. Aircraft pitch and roll angles derived 
from this reference are available for use in the auto- 
pilot for attitude displays, for computer inputs, and 
for other equipments which require attitude infor- 
mation. In addition to these features, the inertial 
equipment includes a degree of freedom in azimuth 
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which is both pitch and roll stabilized. This degree 
of freedom provides a filter for raw azimuth refer- 
ence information such as that obtained in an earth’s 
rate directional reference. By making the azimuth 
gyroscope a high quality component, a large amount 
of time-averaging is available to the unprocessed 
azimuth information. 


Application to jet transport 


The equipments which comprise the doppler-in- 
ertial system fall into four categories: doppler, in- 


ertial, digital, and readout. Fig. 2 presents a block 
diagram of a doppler-inertial system suitable for use 
in a jet transport. The doppler equipment consists 
of five basic units: a radar receiver-transmitter, a 
transmitter power supply, an electron tube cooler, an 
amplifier assembly, and a signal data converter. 
The radar receiver-transmitter contains a klystron 
power oscillator, a transmitting and receiving an- 
tenna function, and crystal detectors. The outputs 
of the radar receiver-transmitter’are low level audio 
signals — the doppler signals. The amplifier assem- 
bly raises the level of these doppler frequencies and 
provides them as inputs to the signal data converter. 

The signal data converter changes the audio fre- 
quencies into digital pulse trains whose numerical 
values are proportional to the doppler frequencies. 
The transmitter power and the size of the antenna 
are selected to be as small as possible but to be com- 
patible with the altitude and accuracy requirements 
of the flight control data for the jet transport. 

The inertial equipment contains two units — an 
inertial platform and a platform control amplifier. 
Circuits included in the platform control amplifier 
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Doppler-Inertial Navigation 
System for Jet Transports 


. continued 


isolate the platform gimbals from aircraft motion, 
process the gimbals in response to external signals, 
and provide accelerometer restoring currents. The 
outputs of the inertial platform are analog signals for 
the aircraft pitch, roll and azimuth angles, and dig- 
ital pulse trains whose rates are proportional to air- 
craft accelerations. The platform itself contains 
only three gimbals, which are sufficient to cover the 
attitude requirements of transports, and, as com- 
pared to a four-gimbal platform, reduce the com- 
plexity, size, cost, and weight, and increase the reli- 
ability of the platform. 

The digital equipment is made up of a small, spe- 
cial-purpose, airborne digital. computer, an input- 
output unit, and a control indicator. The input-out- 
put unit routes signals as required, makes necessary 
conversions between digital and analog forms, and 
adjusts scale factors. The digital computer performs 
a number of operations. These operations include 
deriving aircraft ground velocity from the doppler 
frequencies and the pitch and roll inputs from the 
platform, comparing the doppler and the inertial 
velocities, computing the necessary error feedback 
signals, computing signals to control the azimuth 
gimbal, and generating signals to compensate for the 
rotation of the earth. In addition to solving the 
equations for the doppler-inertial system, the capac- 
ity of the digital computer may be chosen to perform 
auxiliary computations—such as great circle course 
and distance to alternate destination, position data 
from celestial fixes, and positioh data from radar or 
radio aids. ¢ 

The complement of readout equipment provided 
for the doppler-inertial system would be tailored to 
meet the needs of the particular installation. Cer- 
tain readout devices or their equivalents would be 
common to all installations. These functions could 
include an indication of aircraft ground speed, drift 
angle, aircraft heading angle, distance to destina- 
tion, and distance to the left or right of desired 
ground track. 

In addition to the conventional readout equip- 
ment, the advent of supersonic jet transports will 
probably be accompanied by some new readout 
equipment. One such device which may be useful 
is a position predictor, which informs the pilot what 
his position and altitude will be at any desired time 
in the future based upon present flight conditions. 

Another type of readout equipment would display 
wind magnitude and direction. Wind information 
could be recorded continuously along the flight path 
to furnish accurate wind information for use in 
planning subsequent flights. 


% To Order Paper No. 111V... 
...0n which this article is based, turn to page 6. 
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Engineers 


in Buying 


E. E. Bryant 

Nelson Muffler Co 

NGINEERS play the dominant part in saying what 

parts and materials shall be used in the products 

which they design. And they often play an impor- 

tant part in deciding where those parts and materi- 
als shall be bought. 

These engineering influences on purchasing are 
implemented in different ways in different organi- 
zations, but common to a majority of automotive 
plants are the following: 


1. Engineering puts into writing (by way of 
blueprints, standards, or even pictures) 
everything it can — whether the buying is to 
be done by the purchasing department or by 
a purchasing group of the engineering de- 
partment. 

. Engineering works more directly with supply 
sources in the case of parts or materials 
where exact buying specs can’t readily be put 
into writing. 

3.The purchasing department is usually re- 

sponsible for designating “‘qualified” sources 
— whether or not engineering is dealing di- 
rect in a particular case. 
Close running communication between engi- 
neering and purchasing takes place on an 
informal as well as a formal basis. Rarely 
does either purchasing or engineering try to 
dominate. 


How one truck company buys 


At one large truck company, for example, engi- 
neering’s participation in the procurement area 
varies as to whether the units sought are proprietary 
assemblies (axles, transmission, brakes, etc.); spe- 
cialty items (metals, vinyl, paint, etc.); fabrications 
(stamping, forgings, castings, etc.); or standard 
parts (like bearings, screws, wire, etc.). 
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Part Great 


and Specifying 


The process of selecting a proprietary assembly — 
which is often patented or contains patented fea- 
tures — starts, at this company, with a request by 
engineering to various vendors for design, cost, and 
performance information. 

Usually timing or budget considerations dictate 
limiting installation design and performance and 
endurance testing to one — or at most two — of the 
proposals submitted. So, a preliminary decision has 
to be made, eliminating some of the proposals. To 
make this decision, engineering assembles data on 
costs, installation problems, predicted performance 
and durability, competitive usage, marketability, 
service, legal influences, manufacturing complica- 
tions, and concurrence with long-range planning. 

After the preliminary decision, the remaining one 
or two proposals are subjected to thorough labora- 
tory and proving ground test programs to confirm 
the selection. At this point, engineering usually 
works closely with the supplier of the assembly — 
and design modifications often result. 

The specialty items are frequently “materials.” 
They are purchased by trade name or by an engi- 
neering standard tailored to the properties of the 
desired material. Frequently engineering will test 
and approve material from only one source — which 
restricts purchases to that source. New applica- 
tions of specialty items are always initiated by en- 
gineering. Generally, the engineers get their in- 
formation from an advertisement in a technical 
journal or from a well-timed sales call. In either 
case, the application is tested and approved by en- 
gineering ... and the properties covered by an engi- 
neering material standard. 

As regards Fabrications, the vendor usually offers 
only the ability to make the part accurately, eco- 
nomically, and on time. That means that many 
sources are available, and engineering’s part — aside 
from the usual tests—is chiefly that of assisting 
purchasing in source approvals. 

Engineering’s part in procurement of standard 
parts — like bearings, screws, etc.—-is primarily to 
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provide the engineering material standards and 
drawings to hold the quality of the part within ac- 
ceptable limits. Actual purchase is established 
largely by price and service factors. 


Engineering's basic responsibilities 


Engineering in almost all companies is recognized 
as responsible for supplying the purchasing group 
with data necessary to permit buying at lowest cost 
or greatest value. With SAE standards furnishing 
a big assist, much of this information can often be 
given on engineering drawings. ..in the form of di- 
mensions, finishes, materials, heat treatment, and 
physical properties. In such cases, purchasing de- 
partments tend to feel it their right to buy wherever 
they see fit. 

But when it comes to items where desired per- 
formance characteristics can’t be stipulated satis- 
factorily in detailed design specifications, the right 
of engineering to restrict possible sources tends to be 
accepted by all concerned. 


Tractor company practice 


Typical of areas where one large tractor company 
feels it impossible to spell out requirements in com- 
plete and exact technical language are these: 


1. Complete assemblies, such as engines, trans- 
missions, clutches, radiators, etc. These assemblies 
are usually selected by engineering from both labo- 
ratory and field tests on prototype items. 

2. More or less proprietary materials, such as fric- 
tion materials, plastics, gasket materials, seat ma- 
terials, etc. Usually these are handled in the same 
way as purchased assemblies. 

3. Certain quality tolerances also defy exact defi- 
nition ... such as nicks, scratches, and other irregu- 
larities on finely finished parts; permissible amount 
and location of porosity in castings; permissible 
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Engineers’ Part Great 


in Buying and Specifying 


... continued 


seams in bar stock, etc. (It is now common practice 
in this one company to show on the drawings of 
bevel gears a picture of the permissible variation 
in the location and the area of contact between the 
gear and the pinion .. . and this same pictorial ap- 
proach is being recommended as the best solution 
to other quality tolerances ... This procedure saves 
much time and argument involving engineering, 
purchasing, inspection, and vendors . . . who, at an 
original conference, have agreed upon the limits 
and recorded their agreement in photographs or 
drawings which become a part of the permanent 
record.) 

In the case of these hard-to-write-down-specifi- 
cations cases, the engineering department of one 
large ground vehicle manufacturer regularly takes 
six specific steps, as follows: 


1. Consults with purchasing on selection of ven- 
dors before tests are started. 

2. Holds joint discussions with both purchasing 
and selected vendors before tests are started. 

3. Nails down on drawings as completely as possi- 
ble the performance, durability, quality, and ma- 
terial specifications of the item. 

4. Tests more than one vendor’s product to put 
purchasing in a good bargaining position and to 
provide alternate sources where practical. 

5. Continuously tests for performance and dura- 
bility after production has started, with reports to 
purchasing. Purpose: so engineering and purchas- 
ing jointly can keep vendor on the beam and permit 
the making of any changes indicated necessary as 
result of field experience. 

6. Works continuously with purchasing and vendor 
on cost reduction of the assembly, including addi- 
tional testing where required. 


In the selection of suppliers for experimental 
pieces, engineering tends to play the most important 
part. But it is usual for purchasing to supply a list 
of “qualified” sources from which engineering would 
be expected to work. In supplying such “qualified” 
lists, however, purchasing is notably careful to keep 
the way open for entirely new sources. As one major 
purchasing agent describes his own operations: 
“purchasing makes no attempt to restrict engineer- 
ing’s contact with any supplier or potential supplier. 
Our only requirement is that a purchasing repre- 
sentative sit in on the original contact and be kept 
acquainted with subsequent discussions so that we 
know of the progress that is being made. 

“We prefer that suppliers, with whom we have not 
done business before, contact purchasing before en- 
gineering. Then we can get proper information and 
data about the facilities of the company. Actually, 
this procedure insures contact with our engineers. 
It is mandatory in our company that, when a pur- 
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chasing representative is contacted, the product be 
brought to the attention of the proper product en- 
gineer. The purchasing representative is not per- 
mitted to make the decision as to whether or not we 
are interested in the product.” 

Practices in one large automobile company em- 
phasize the vital part engineering plays in source 
selection when unit is to result from a cooperative 
development program with the vendor — which is 
the case in a great many of the most important tech- 
nical developments in the automotive industries. 

These cooperative programs usually start with a 
novel idea in the mind of some vendor engineer — 
or, it may be an idea of a car company engineer 
which needs further development to be made appli- 
cable. 

In such cases, the car company and vendor en- 
gineering staffs jointly do the design and test work 
necessary to conclude the project ...and purchasing 
is kept advised of the scope of the vendor’s contri- 
bution. If the vendor’s development work is paid 
for by the car company — as is sometimes the case 
— the developed unit may be purchased by competi- 
tive inquiry. Often, however, the vendor contributes 
his share without being paid for his development 
effort. Then, he is given an advantage when it 
comes to actually buying the item or material. Be- 
sides, he obviously has an inherent competitive edge 
through his familiarity with the project —and is 
assured of being one of the sources queried. 

In one large vehicle company, the engineering de- 
partment has its own purchasing department which 
works with approved lists of suppliers made avail- 
able from the company’s central purchasing depart- 
ment ...on procurement of non-critical parts. 

On critical items, product engineering itself nego- 
tiates with potential suppliers, helped as required by 
central purchasing, patent, and law departments. 

Engineering and purchasing, it is usually believed, 
must be separate departments because they have 
many responsibilities which they do not share and 
many skills which are not common. 

But, it is equally agreed among engineers and 
purchasing agents, each group must exercise its in- 
fluence from the time an engineering need arises 
until the product is delivered. To insure that ef- 
fective application of both influences is constant, 
clear communciation is a vital need. As one execu- 
tive expresses it: 


“To get effective operation and maintain good in- 
terdepartment relationships, there must be an un- 
derstanding of individual responsibilities. There 
must also be a network of understanding and confi- 
dence between the departments. Yet, the same re- 
lationship must be maintained with current and po- 
tential sources of supply.” 

“Improve your communciations!” 


Serving on the panel which developed the infor- 
mation on which this article is based, in addition to 
the panel secretary, were: chairman, C. T. O’Harrow, 
Ford Tractor & Implement Co.; S. C. Bielwaski, 
Allis-Chalmers Mfg. Co.; W. W. Henning, Interna- 
tional Harvester Co.; T. A. Haller, J. I. Case Co.; and 
I. R. Kappler, Ford Tractor & Implement Co. 

(This article is based on a report of one of nine 
production panels on farm, construction and indus- 
trial machinery subjects. All nine reports are avail- 
able as a package as SP-328. See order blank on p. 6.) 


SAE JOURNAL 





Sandwich Sheets are Now 
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ASS-PRODUCED SANDWICH material prom- 
ises to be competitive, cost-wise, with conven- 
tional structures, according to North American 
Aviation. The success of a pilot program brought 
about an all-welded stainless-steel sandwich 30 in. 
wide, at a fabrication rate of 50 sqft per min. Fur- 
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ther, the sandwich can be contour formed during 
production as well as run off in flat sheet. 

This is possible because of two final production 
machines, a 5-in. 65-row core machine and a 385- 
row welder. These are backed up with a rewrap 
machine for the coiled facing sheets and an auto- 
matic cutoff shear. 

The high-temperature sandwich, or ‘“Space- 
metal,” is 11/64 in. thick and is made from SAE 
30 301 stainless steel. The core is half hard with 
beaded sides for additional flatwise compressive 


Fabrication for parts 


Two techniques can be used to form the sand- 
wich into parts. They are: 


e Stretching a cover sheet to produce curved 
panels with a radius as low as 9.5 in. 

e Transferring the load in the sheet to other 
parts by spotwelding, riveting, bolting, or 
fusion welding. 





Fig. 1— Mass-produced sandwich construction can now be 
formed in sheets 30 in. wide. 


Fig. 2— Forming the core for the sandwich requires 13 
progressive rollers. Only 1/6 of the core is produced at 
one time to keep down the size of the roll forming ma- 
chine. 


Sandwich Sheets are Now 


Produced at 50 sq ft per min 


. continued 


strength; its height and pitch are 5/32 and the 
crests are flat to give room to spotweld to the fac- 
ing sheets. The cove is formed from 0.002 stock. 
The facing sheets are 0.006 stock, full hard temper. 
Fig. 1 shows a pealed back sample. 


Core machine 


A Yoder roll forming machine was modified to fit 
the project (see Fig. 2). The machine forms a 
5-in. wide, 65-row strip of core at a rate of 25 fpm. 
The decision to fabricate narrow strips resulted 
from the fact that a full core requires stock 70-in. 
wide or three times the width available from steel 
suppliers. Also, the core machine itself would have 
to be 50-ft long with approximately 60 folding sta- 
tions to accommodate a full core. 

The flat stock is first trimmed to 113% in., then 
beaded while still flat and finally folded through 
13 progressive rolls. The core is stored on large 
drums that hold six coils. This drum later feeds 
the welding machine with 30 in. of core for the 
final sandwich. 


Welder 


A schematic of the 30-in. welder is shown in Fig. 
3. The six strips of core are fed through an inter- 
fold station where outer corregations of adjacent 
core strips are overlapped. Consequently at five 
places across the sandwich, there is a double thick- 
ness of core. The facing sheets are fed from reels 
above and below the welder. Facing sheets and 
core come together at the welding area. The 193 
upper and 192 lower electrodes are mounted in 
blocks and guides so they can be adjusted hori- 
zontally and vertically to give optimum settings. 
This is critical if the electrode is to fit into the 
small space provided. These 385 electrodes operate 
simultaneously to make 46,200 welds per second. 
Half-cycle welding is used with each electrode re- 
ceiving 60-cps current. This produces 120 welds 
each second per electrode. By controlling the speed 
of the material through the machine, spot spacing 
can be varied. The present speed produces ap- 
proximately 30 spots per inch. 

The welding electrode shown in Fig. 4 features 
water cooling and a spring loaded tip, all in a 
thickness under 0.15 in. The cooling water is car- 
ried in the tubes to keep them cool and is also 
sprayed on the copper tip. The spring action of 
the electrode produces variations in tip load when 
the mounting bracket is moved up or down. The 
contact tip is made of tungsten wire pressed into a 
coined boss in the copper. 


To Order Paper No.99V .. . 
...on which this article is based, turn to page 6. 
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Fig. 4 — Heart of the 
welder is the very 
thin electrode. Cool- 
ing water is carried 
through the support- 
ing tubes, and then 
sprayed onto the tip. 
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Fig. 3 — Schematic of welder which 
produces 385 welds at one time. 
At a sandwich speed of 20 fpm, 
46,200 welds are made each second. 
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Fig. 1 — Double-wall, regeneratively cooled thrust chamber of the Redstone rocket engine, which 
is formed from segments of SAE 4130 steel, illustrates use of relatively common materials for high- 


temperature service. 
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HE stringent requirements for rocket 

engines in high-temperature en- 
vironment can be met with relatively 
common materials by good design and 
careful manufacturing techniques. 

The Redstone engine thrust chamber 
affords an example in that it is a 
double-walled chamber made of SAE 
4130 steel. The material selected in 
this case was based primarily on the 
ease of forming and welding. The 
chamber (illustrated in Fig. 1) is made 
up by forming segments which are as- 
sembled by welding. The welded joints 
are of highest quality and are subjected 
to visual, penetrant, and X-ray exami- 
nation. In this manner, SAE 4130 
steel, which is not considered a high- 
temperature material, serves the pur- 
pose by taking advantage of the re- 
generative cooling principle. 

More recent production chambers 
are made of pure nickel tubes (‘“A” 
nickel) which are preformed, as- 
sembled on a mandrel, and brazed and 
banded together. This configuration, 
although more difficult to produce, re- 
sults in substantial weight savings. 
The reduction in weight is equivalent 
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to increased thrust and range and 
therefore a premium well worth pur- 
suing. 

The selection of material for a typi- 
cal tubular wall thrust chamber such 
as used in large liquid rocket engines 
again is predicated on factors other 
than the material’s ability to resist 
extremely high temperatures. The 
chamber is made of nickel tubes ap- 
proximately 0.5 in. in diameter and 
0.012 in. wall thickness which are 
brazed together to form the thrust 
chamber. Reinforcement bands at the 
combustion chamber end and at inter- 
vals along the nozzle are used to pro- 
vide added strength. Again, these re- 
inforcing bands are SAE 4130 steel, 
which never reach a temperature very 
much in excess of 200 F. 


To Order Paper No. 98V... 


on which this article is based, see p. 6. 


Engineers Potent 
in Reducing Costs 


nm renort 
report 


J. F. GINTHER 


Allis-Chalmers Mfg 


OO MANY engineers are cost-con- 

conscious only in times of austerity. 
Cost reduction can be a potent factor 
in profit-making during prosperous 
times. For instance: 

Suppose an item sells for $100. It 


costs $80 to manufacture; $10 to sell 
.... leaving a $10 profit. Now, sup- 
pose the manufacturing cost is reduced 
by $5. The profit at the same selling 
price becomes $15 .. . an increase of 
50%! 

Reductions of this magnitude are 
quite possible in many cases, where a 
well-coordinated cost-reduction pro- 
gram includes three necessary steps: 


e Thorough preparation before in- 
installation. 

e Active training of participants. 

e Positive follow-up procedures. 


Value analyses, work simplification 
programs, employee suggestion sys- 
tems, and management control phi- 
losophies all can play a part in ef- 
fective cost reduction. 

Cost reduction, some experts ad- 
vise, should be started first on the 
product that is making the least profit. 
This will help, among other things, to 
make engineers cost conscious — which 
is necessary because they can and 
should be more responsible for cost 
reduction than anyone else. 

“There is a trend,” says one im- 
portant manufacturing executive,” 
toward engineers becoming more re- 
sponsible for profits. .. . It is entirely 
possible that organizational structures 
may have to be changed in the future 
to accept more fully the idea that en- 
gineering is directly related to profits.” 

Serving on the panel which de- 
veloped the information in this article, 
in addition to the panel secretary, 
were: T. G. Mercuro, Allis-Chalmers 
Mfg. Co., Norwood Works; Richard 
Connelley, A. O. Smith Corp.; Calvin 
Henderson, Hotpoint Division, General 
Electric Co.; A. R. Tresselt, Le Roi 
Division, Westinghouse Air Brake Co.: 
and chairman Allen V. Gaulke, Allis- 
Chalmers Mfg. Co. 


To Order SP-328 ... 


on which this article is based, see p. 6. 


Jet Blast 


Raises Havoc 


THOMAS M. SULLIVAN 


A: thority 
Authority 


HE high velocity of jet exhaust has 

required the erection of blast fences, 
additional paving, and restrictions on 
engine operation on terminal apron 
areas at New York International Air- 
port. 

A blast fence 12 ft high was installed 
75 ft from the end of the pavement of 
runway 25 to protect vehicular traffic 
on the adjacent public highway. Since 
new craft have a tendency to under- 
shoot the landing, and one jet trans- 
port clipped the top of the fence, the 
height of the fence has been cut to 10.5 

continued on p. 116 
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"SUCCESS and SCHOLARSHIP” 


By SAE Past-President William K. Creson 


AE PAST-PRESIDENT WILLIAM K. CRESON continues his 

active interest in the student development projects which played 
so large a part in his activity as SAE President in 1958. He is serving 
as Special Advisor to the current chairman of the SAE Student 
Committee, E. P. White . . . and recently he contributed to his 
Sigma Alpha Epsilon chapter at Purdue an answers-to-student- 
questions presentation titled “Success and Scholarship.” It was based 
on his contact with SAE enrolled students and other engineering 
students in the 53 engineering schools he visited as SAE president. 


“Success and Scholarship” reads in part: 


Q ... Why should I make a strong effort for a higher 

scholastic index? 

. Because, until a better method of keeping the score is devised, 
it is the accepted measure of your accomplishment ... ona 
commitment you have already accepted by your very presence 
at school. 


Q ... Some students make better grades with less effort. 
Is this fair? 
. Yes. It’s not only fair, but inevitable. The real question 
is whether or not you are exercising the full capability of 
your mental equipment. 


Q... CanI be a “good student” without loss of prestige, 
social or otherwise, with my fellow students? 
. . . Certainly. The fact is that a decent scholastic index adds 
to your prestige in every way. 


Q...Do you relate the collegiate scholastic index to 

later success in life? 

. I do. All available data strongly supports this opinion. 
Have a look at “Who’s Who.” A relatively few examples to 
the contrary only tend to prove that education can continue 
throughout life, regardless of age or circumstances, if moti- 
vation is present. 


Q ... There are a lot more diverting activities now than 
when you were in school. Do you think you could 
cope with them today? 
. I wouldn't try to. I would give careful thought to selecting 
the few in which I would participate and would forget the 
rest. 


Q... Why do fraternity chapters seem to follow sine 
curves cycles of general scholastic index? 
A... The index is almost always high when the leadership is good, 
poor when the leadership is weak. 


Q ... Should scholarship be sacrificed for participation 
in athletics, social or other extra curricular 
activities? 
. . It doesn’t need to be. The well-rounded man is the best 
product of a college, and a respectable scholastic index is the 
number-one mark of such a man. 


Q ... Some students are brilliant, have good memory, 
absorb knowledge readily, make good grades rather 
easily. Others do it the hard way. Which kind 
of student would you rather be? 

. . » We don’t have such an option. 
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No. 1 Kingsway 
London, W. C. 2, England 


Dear Editor: 

The November issue of the Journal 
has just arrived and I have read with 
great interest Leonard Raymond's ar- 
ticle “Cooperation in Research.” I am 
very sorry I did not have the opportun- 
ity of hearing him while he was over 
here, but as I recall I was away on holi- 
day. This article is most interesting 
because it points out the progress that 
can be made by cooperation between 
the oil and automotive industries. 


From: 

Greg F. Benjock 

Ambridge, Pa. 
Dear Editor: 

I am now a student at the Univer- 
sity of Pittsburgh’s school of mechan- 
ical engineering completing my third 
year. I have been an active member 
of the SAE student chapter here at 
Pitt throughout my college years and 
continually admire the advancements 
SAE has made concerning current 
programs of lectures and engineering 
displays throughout the Greater Pitts- 
burgh Area. 

The SAE Placement Service is one 
of our greatest features in making the 
Society enjoy the prestige it now com- 
mands. Enclosed, you will find my 
application slip along with an un- 
written vote of thanks and apprecia- 
tion for all you and SAE have done for 
Student Branches throughout this na- 
tion. 

In closing, may I again congratu- 
late you and the Society for the 
Placement Committee! 


From: 

R. E. Hanslip (M’56) 

Chief Development Engineer 

Mather Spring Co. 

Toledo, Ohio 
Dear Editor: 

A recent SAE paper, which described 
a new truck design, stated that “at curb 
load the radius rod has zero rate effect 
and maximum rate effect at design 
load.” This terminology is a little con- 
fusing and subject to misinterpretation. 
The following explanation may help to 
clarify the exact meaning of these ex- 
pressions. 

A main spring and a radius rod can 
be assumed to be two springs connected 
in parallel, and for such a case, the 

continued on p. 82 


SAE JOURNAL 





has called upon the services of other 
SAE groups for advice and assistance. 
For instance, the Executive Committees 
of both the Membership Committee and 
Sections Committee have been asked to 
recommend a plan for modification of 
the dues schedule in the event that a 
dues increase is agreed upon by Council. 
Such a report has been received and is 
being studied by the Council. 

It is interesting to note that this 
report urges emphasis of the following 
points in bringing this matter to the at- 
tention of the membership: 


a. During the past few years the in- 
come from member dues has not 
been sufficient to pay for member 
services. Inflation is the main 
cause. 

. Member services have been im- 
proved materially during the past 
11 years, since the last increase in 
dues. 

For sound management and rea- 

sonable financial security for 

SAE, income must be increased or 


SAE Dues Increase Being 
Studied by Board of Directors 


* Reasons for proposal were discussed with 
committee groups during Annual Meeting 


EASONS behind a recent SAE Finance Committee proposal to in- 
crease SAE dues were exposed to the many committee groups gath- 
ered in Detroit during the 1960 Annual Meeting. 

1959 SAE President Leonard Raymond, who explained the proposal to 
many of the groups personally, emphasized that action would not be 
taken “until members have had an opportunity to understand and ap- 
preciate the situation.” 

No action was taken by the 1959 Council at its Jan. 15 meeting; nor 
by the first meeting of the new Board of Directors which met the same 
day. This means that the next opportunity for action will be at the c. 
Board of Directors meeting in April. 

In his discussion with the various groups at Annual Meeting, 1959 


President Raymond said: 

My inaugural address last year, part 
of which was printed in the SAE Roster 
Issue, stressed long-range financial 
planning as the key to more stable and 
growing member services. I stated that 
our Finance Committee was already 
doing some intensive long-range finan- 
cial planning to assure our having the 
money required to meet our member 
needs. I might mention that the Fi- 
nance Committee has been alert for a 
long time to this growing financial 
problem. 

As a result of its studies our Finance 
Committee in September proposed to 
Council a program for stabilizing the 
Society’s finances. Briefly, the proposal 
now being studied by Council is to in- 
crease total membership dues by 20 per 
cent to offset the present and further 
increases in the expense of dues-covered 
member services. 

Studies and analyses made by the Fi- 
nance Committee reveal the inability 
of member dues income, at present 
levels, to support those member services 
which the dues should pay for. In its 
recent report to Council, the Finance 
Committee pointed out that the mem- 
ber service area would operate at a def- 
icit this current fiscal year, as it has in 
the two previous fiscal years. 

The members of Council and others 
who have been made aware of our fi- 
nancial problem have been strongly 
conscious of the desirability of utilizing 
all other avenues than a dues increase 
to attain the financial stability we now 
lack. 

The Finance Committee has shared 
this feeling and has already explored 
other possible means of increasing the 
Society’s income, such as charging 
members registration fees at Meetings 
or increasing prices of various existing 
services. None of the alternative meth- 
ods proves feasible. They cannot pro- 
vide the additional needed income and, 
in a few instances, might result, per- 
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haps, in overall reduction rather than 
an increase in income. 

The problem faced by our Society is 
not unlike that being met by commer- 
cial organizations operating in today’s 
economic climate which are caught in a 
cost-price squeeze. The only way SAE 
can meet its service responsibility to its 
members is to keep its operations in 
dollar-balance so that income covers 
expense. 

SAE buys the services and materials 
it needs to carry on the Society’s work. 
And, like all other businesses, SAE, too, 
has had to cope with continuing infla- 
tion. 

The Society has tried to buck the in- 
flationary tide of increased costs by 
substantially improving the efficiency 
of its operations and by seeking ways in 
which to boost its income. However, 
expenses have unfortunately been ris- 
ing at a faster rate than the many 
economy and income-producing meas- 
ures put into effect since the last dues 
increase in 1948. 

I believe the following quotation from 
the Finance Committee’s recommenda- 
tion to Council last September is a per- 
tinent wrap-up of the problem we face: 


“To maintain the basic nature of 
SAE, to permit SAE to go into a new 
era that is rich in promise technically 
and economically for the nation, we 
must insure our financial compe- 
tence. There are two alternatives 
possible. 


“1. To maintain the present dues 
structure and cut back basic 
SAE services. 

“2. To increase the dues so as to 
provide the financial health to 
take advantage of the oppor- 
tunities for service that fast- 
moving technological develop- 
ments promise us.” 


In its review of this proposal, Council 


member services must be de- 
creased. 

. Prudent economy of operation has 
postponed as long as practical the 
inevitable need to adjust for 
cheaper dollars—by increasing 
dues. 


I have instructed SAE Headquarters 
staff to make available to any member, 
upon request, a set of the figures and 
other pertinent data which have led to 
this increase proposal. 


I can assure you that the action 
taken by the Directors and Officers will 
be one which, in their judgment, will 
be in the best interests of the Society 
from the standpoint of maintaining 
sound financial management for oper- 
ations and more importantly from the 
standpoint of continuing to provide and 
improve our needed member services. 


YOUEL 


... be interested to know... 


“HUMDINGER” MEETING ATTEND- 
ANCE is what SAE’s new Rockford- 
Beloit Section has been reporting ... 
which, interpreted, means that attend- 
ance at each meeting so far has been 
considerably more than the Section’s 
recorded membership. 


NORMAN S. SMITH, of Pan American 
World Airways, represented SAE at 
dedication ceremonies for a new engi- 
neering building at the University of 
Miami recently. He took occasion 
while there to visit with John D. Gill, 
faculty advisor for SAE’s Student 
Branch at the University. SAE has 
had a Student Branch at the University 
of Miami since June, 1955. 
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continued from p. 80 
combined rate of the spring assembly 
is merely the sum of the rates of the two 
springs .. . provided the springs do not 
come free of their supports. The load 
in the radius rod may be zero, or di- 
rected up or down but the rate is still 
the sum of the individual rates. 

The results of a recent load-deflec- 
tion test (see accompanying chart) il- 
lustrate the effect of the flexible radius 
rod on a similar suspension. The test 


: 
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DEFLECTION-INCHES FROM FLAT 


Load-deflection curves for spring on 15-in. 
radius cams, 46 in. apart. 


was Made on a spring 3 in. wide, with 
five leaves of 0.499 in. and five leaves of 
0.447 in., and with a three-leaf radius 
rod. It is supported on cams with a 
15-in. radius, 46 in. apart. The test 
was made with and without the radius 
rod attached. The upper curve is ob- 
tained from the spring with the radius 
rod disconnected. The lower curve is 
obtained with the spring and radius rod 
both connected. At the point where 
the two-load deflection curves cross, 
there is zero load in the radius rod. 
The difference in the ordinates of the 
two curves at the same deflection is the 
contribution, or load, of the radius rod. 
These differences, or loads, are also 
plotted against deflection and, as can 
be seen, the resulting curve is very 
nearly straight. Its slope, or rate, is 
very close to the calculated rate of the 
radius rod alone. If we take the slope 
of the load-deflection curves to be the 
spring rate, then it is easily observed 
that the rate of the main spring and 
radius rod is always greater than that 
of the main spring alone. 
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from SAE literature. 


(Except where a charge is specifically 
indicated, SAE Journal will be glad to 
supply on request one copy of any of 
the pieces of SAE literature described. 
Address “Literature,” SAE Journal, 485 
Lexington Ave., New York 17, N. Y.) 


“SOUTH POLE CITY,” a 30-min, color, 
sound, 16-mm film is just one of many 


Hg 


listed in a recent 4-p. Section-Gram 
as being available for meetings of SAE 
Sections, Groups, and Student 
Branches. A short description of many 
of the films is included . . . and in all 
cases there is complete information as 
to where and how they can be obtained. 


“AN IDEA-EXCHANGE CENTER for 
engineers and scientists” is how the 
latest Student Enrollment booklet re- 
fers to SAE .. . and it tells how the en- 
gineering student can participate in 
and benefit from this “idea-exchange.” 
The booklet is titled SAE Student En- 
rollment for Engineering Students. 


ATIONAL MEETINGS 


National Automobile Week, The Sheraton-Cadillac, Detroit, Mich. 


@ March 15-17 


@ March 22-24 


National Production Meeting, Statler Hotel, Cleveland, Ohio 


@ April 5-8 


CUTUEDEE Ee 


® June 5—10 


mit 


@ August 16-19 


COCOA AOA UTE 


®@ September 12-15 


National Aeronautic Meeting (including production forum and en- 
gineering display) , Hotel Commodore, New York. N. Y. 


Summer Meeting, Edgewater Beach Hotel, Chicago, Ill. 


National West Coast Meeting, Jack Tar Hotel, San Francisco, Calif. 


National Farm, Construction and Industrial Machinery Meeting 
(including production forum and engineering display), Milwaukee 


Auditorium, Milwaukee, Wis. 


®@ October 10-14 


National Aeronautic Meeting (including manufacturing forum and 
engineering display) , The Ambassador, Los Angeles, Calif. 


®@ October 25-27 


National Transportation Meeting, Hotel Leamington, Minneapolis, 


Minn. 


® October 31—November 2 


@ November 3—4 


SU 


National Powerplant Meeting, Hotel Cleveland, Cleveland, Ohio 


National Fuels and Lubricants Meeting, The Mayo, Tulsa, Okla. 
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COOPERATIVE ENGINEERING PROGRAM 


Equipment Expert Heads 


General Standards Council 


E. C. BROWN, chief engineer of Austin-Western’s Construction Equipment Divi- 
sion, has been appointed chairman of the Technical Board’s General Standards 
Council by 1959 Board Chairman Ralph Isbrandt. He succeeds Milton J. Kittler, 
executive vice president, Holley Carburetor Co. 

With 38 years of engineering experience, Brown has witnessed or instigated 
many firsts in the development of road building and construction equipment. 
Among these are: A rear engine power grader, an anti-friction bearing jaw 
crusher, a diesel-engine-driven motor grader, and the application of hydraulics to 
road building machinery. During his 24-year affiliation with Austin-Western, 
he either aided in or directed a continuing evolution of road building and con- 
struction machinery and equipment. 

As chairman of the General Standards Council, Brown will, along with other 
Council members, review the technical reports prepared and up-dated by Council 
committees. These reports will directly affect the production of bearings, parts, 
and fittings, screw threads, springs, and surface finishes of materials, as well as 
SAE automotive drafting standards. 

The newest member of the General Standards Council is ALBERT H. DALL, 
chief engineer of Cincinnati Milling Machine Company’s Machine Tool Division. 
Dall’s engineering career began when he joined Cincinnati Milling Machine Com- 
pany as a draftsman and designer. Later, his work revolved around standards, 
then research. From 1951 to 1958, he directed standard machine tool engineering 
until assuming his current post. 


George McCain, retiring chairman of 
Involute Splines, Serration and Inspec- 
tion Subcommittee, received a personal 
token of the Subcommittee’s apprecia- 
tion of his untiring efforts to bring about 
a complete overhaul of the SAE Stand- 
ard on Involute Splines, Serrations, and 
Inspection. At a Detroit meeting hel 
January 14, McCain was presented with 
a silver platter by General Standards 
Council Sponsor Clayton Lewis (right 
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19 Engineers Awarded 


és4fITAL to the U. S. free enterprise 
system” is how 1959 Technical 
Board Chairman Ralph Isbrandt views 
the technical committee work of 19 en- 
gineers who received SAE Certificates 
of Appreciation at a Technical Board 
luncheon held during Annual Meeting. 
Cited by Isbrandt for unique contribu- 
tions made to Technical Board com- 
mittees, the 19 honor guests were pre- 
sented with Certificates by 1959 SAE 
President Leonard Raymond. 


RAYMON BOWERS was praised for 
his part in developing the SAE Agricul- 
tural Tractor Test Code, an SAE Hand- 
book report which has received inter- 
national acceptance. During World 
War II, he was a member of the SAE 
Tractor War Emergency Committee, a 
group set up to solve tractor fuel prob- 
lems. Since then, he has been active in 
both the Tractor Technical Committee 
and Tractor and Farm Machinery Ac- 
tivity Committee. 


E. N. CUNNINGHAM has generated 
great interest in the cooperative reso- 
lution of elastic seal problems. As 
chairman of Committee G-4, Elastic 
Seals, since its inception and of its 
predecessor, he directed the develop- 
ment of a document which now serves 
as a key to elastic seal sizes. The re- 
port, ARP 568, Uniform Dash Number- 
ing System for O-Rings, is currently in 
broad use by industry. 


While TREVOR DAVIDSON was 
chairman of the Construction and In- 
dustrial Machinery Technical Commit- 
tee in 1956, 69 separate committee and 
subcommittee meetings took place. A 
CIMTC member for more than a dec- 
ade, he contributed heavily to the de- 
velopment of SAE test codes for deter- 
mining reserve tractive ability and 
vehicle drag of various self-propelled 
construction equipment. Besides this, 
he has served as an outstanding mem- 
ber of the Technical Board. 


LINN EDSALL, as a member on the 
Radio Communications Suitable for 
Automotive Fleet Applications Subcom- 
mittee, played a vital role in develop- 
ing an SAE manual on the installation, 
operation, and maintenance of mobile 
radios for use by fleet operators. From 
1945 to 1949, he was chairman of an- 
other Transportation and Maintenance 
Technical Committee group which de- 
veloped SAE power take-off ratings. 


For 13 years, G. M. GARCINA has 
been a project sponsor on Committee 
E-25, Engine and Propeller Standard 
Utility Parts, an SAE group which pre- 
pares military standards for the Air 
Force and Navy Bureau of Weapons. 
Besides this, he has worked on many 
important drafting projects as a mem- 
ber of Committee S—-1, Aeronautical 
Drafting Manual. 


JOSEPH GURSKI'S ability to unify 
technical committee opinion has been 
demonstrated in many SAE ground 
vehicle materials groups. The former 
chairman of the Iron and Steel Tech- 
nical Committee, Nonferrous Metals 
Committee, and of ISTC’s panel C — 
Automotive, he has been active in five 
different ISTC divisions. Currently, he 
is on the ISTC’s Executive Committee. 


A well-known leader in the develop- 
ment of SAE fasteners specifications, 
A. S: JAMESON served as chairman of 
ISTC Panel D—tTractor and Earth- 
moving and Division 29 — Threaded 
Fasteners. Jameson has been a Divi- 
sion 29 member for over a decade as 
well as active in ISTC hardenability, 
bearing steel, and tool and die steel 
divisions. 


When R. N. JANEWAY was chair- 
man of the Riding Comfort Research 
Committee, a significant ride and vi- 
bration report evolved which includes 


Pickard Rendel 
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SAE Certificates of Appreciation 


comfort limits or “Janeway curves.” 
His unique contributions toward the 
attainment of riding comfort are cur- 
rently being applied to a study of truck 
ride characteristics. 


A. L. JOHNSON, who serves as tech- 
nical consultant to Minnesota regula- 
tory authorities, has participated in 
Lighting Committee work for many 
years, making available his experience 
with field problems coincident with the 
use of lighting equipment and safety 
inspections of such equipment by 
States. He has been chairman of the 
Lighting Inspection Code Subcommit- 
tee and Headlamp Testing Machine 
Subcommittee. Recently, he has led 
these groups in work connected with 
the four-lamp headlighting system. 


E. P. LAMB’s understanding of in- 
teracting industry and government 
problems helped the Truck and Bus 
Technical Committee come up with a 
fuel tank report which gained accept- 
ance by industry and government alike. 
In addition, he sponsored a truck per- 
formance study for the Transportation 
and Maintenance Technical Committee 
which formed a part of the SAE report 
on Truck Ability Prediction Procedures. 


A leader in the development of wide- 
ly accepted SAE Aeronautical Material 
Specifications for elastomers, C. M. 
MILLER headed the Nonmetallic Ma- 
terials Committee of the AMS Division 
for six years. As a cordinator of sev- 
eral round-robin tests on low-tempera- 
ture elastomers, he provided much 
needed background information for the 
up-dating of AMS specifications. 


E. C. PICKARD instigated the for- 
mation of the Body Engineering Com- 
mittee’s Seating Subcommittee ten 
years ago. While chairman of this 
group, the first SAE Seating Manual 
was issued, then expanded and further 
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refined into a unique SAE document. 


As a Fuels and Lubricants Technical 
Committee member, T. B. RENDEL has 
been instrumental in bringing together 
views of the petroleum and automotive 
industries. One outstanding achieve- 
ment has been the development of lines 
of communication between SAE and 
CRC. As chairman of CRC’s Coordi- 
nating Committee, he has represented 
SAE in many activities, including CRC 
coordination with the Fifth World Pe- 
troleum Congress. In addition he has 
acted in a liaison capacity to SAE avia- 
tion groups. 


W. C. SCHULTE, the 1959 Acting 
Chairman of the Aeronautical Material 
Specifications Division, has broadened 
the usage of AMS throughout the U. S. 
and Western Europe. During his 
many years as an AMS Division mem- 
ber. he helped guide policy related to 
specification development needs. Since 
1952, he has been chairman of the 
Finishes, Process and Fluids Commod- 
ity Committee. 


For 13 years, D. H. SECORD has dis- 
tinguished himself as a member of Com- 
mittee E-25, Engine and Propeller- 
Standard Utility Parts. Currently, he 
is chairman of E-25’s High Tempera- 
ture Self-Locking Nut Subcommittee. 
His knowledge of propulsion hardware 
was an important factor behind E-25’s 
being cited by the Aircraft Industries 
Association in its booklet, “Mr. Tax- 
payer Gets a Break.” 


F. P. TISCH has been an SAE Screw 
Threads Committee member since 1947 
when SAE, ASA, and the Military 
Services were working on a unified 
thread standard which was eventually 
adopted by the U. S., Britain and Can- 
ada in 1948. He went on to become 
chairman of ASA Sectional Committee 
Bl for Screw Threads and has since 
worked to extend the usage of the 
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Unified thread throughout the threaded 
fastener industry. 


R. P. TROWBRIDGE has occupied 
many SAE posts and represented the 
Society on committees of other organ- 
izations. For example, the Parts and 
Fittings Committee assumed new vital- 
ity when he became chairman in 1955. 
Since then, this group has tripled its 
output. Trowbridge has served as vice 
chairman of the Aero-Auto Drafting 
Manual Committee since its inception, 
and represented SAE on the ASA 
Graphic Standards Board and the ASA 
Military Standard Drawing Practice 
Committee. Six months ago, he be- 
came a member of the General Stand- 
ards Council of the SAE Technical 
Board. 


From 1948 to 1951 when he became 
chairman of the ASTM-SAE Technical 
Committee on Automotive Rubber, DR. 
H. A. WINKELMANN led Section 4, a 
group which maintains what has been 
described as the basic materials classi- 
fication document of the rubber and 
automotive industries. These docu- 
ments include SAE 10R, Specification 
for Elastomer Compounds for Automo- 
tive Applications, SAE 17R, Latex 
Foam Rubbers, and SAE 18R, Sponge 
and Expanded Cellular Rubber Prod- 
ucts. 


A. H. WINKLER has been chairman 
of the Carburetor Air Horn and Flange 
Subcommittee of the Engine Commit- 
tee since it was organized in 1949. 
Since then, the Subcommittee has ex- 
panded standards coverage on carbu- 
retor air flanges and mountings and 
provided invaluable assistance to the 
Small Air-Cooled Gasoline Engine Sub- 
committee. Thus, standardization of 
carburetor mountings in an area where 
manufacturers of prime equipment for- 
merly had little common ground has 
become possible. 


Winkelmann Winkler 





Dr. Andrew A. Kucher 
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1960 Chairman of SAE Technical 


R. ANDREW A. KUCHER, chair- 

man of the SAE Technical Board 
for 1960, is vice-president — Engineer- 
ing and Research of Ford Motor Co. 
He was elected to this position in April, 
1957. 

During a career which began in 1916 
when he was only 18, he has moved from 
aviation to refrigeration, back to avia- 
tion, and finally into the automotive 
field. He holds patents on nearly 100 
inventions and industrial processes. 

Kucher has always had a pioneer 
outlook. 

Airplanes were a novelty in 1906, 
when 8-year-old Andy Kucher started 
building models by the dozens, at- 
tracting attention among teachers and 
fellow pupils alike. Soon the local 
schoo] board had him making trips to 
other schools in the area to show his 


model planes and tell how he made 
them. 

When it came time for higher-than- 
elementary studies, he chose Dickinson 
Industrial in Jersey City, the nation’s 
first public high school to offer a com- 
plete engineering course. There were 
studies in physics, chemistry, metal- 
lurgy and mathematics. Also, there 
were excellent shop facilities, full 
courses in designing, pattern making, 
metal working, and all kinds of ma- 
chine work. 

Directly out of high school, with a 
solid grounding in engineering, Kucher 
began to build his own airplane. From 
meager earnings as an aviation drafts- 
man and designer, he scraped together 
enough money for materials ... and 
even acquired a motorcycle racing en- 
gine for the plane’s power plant. In 


this project, he pioneered one of the 
first planes built with a monocock fu- 
selage, a construction which utilizes the 
covering of the fuselage for structural 
support. 

The plane took shape in what proba- 
bly was the strangest place any air- 
plane ever has been built — the loft of 
an undertaking establishment, sur- 
rounded by caskets. It made several 
successful flights in the New York 
area but, despite the help of an RAF 
pilot fresh from World War I, the 
project never got off the ground fi- 
nancially. 

In the war’s aftermath, young 
Kucher was engaged as a draftsman 
for a refrigeration firm. Soon, he be- 
came chief draftsman. Then, in the 
early 1920’s he was consulting engineer 
for Westinghouse Electric and Manu- 


As the SAE Technical Board faces a new decade... 


HE SAE Technical Board is better equipped that ever to meet the changing cooperative en- 
gineering needs of this and future decades. Its recently streamlined structure has already 
precipitated a re-evaluation of existing and potential services to industry. 


Some current aims are: 


® Integrating the activities of its aero-space and ground vehicle groups into a more unified 


operation. 


@ Greater participation in international standardization efforts. 


@ As technological advances thrust new problems onto the national scene, maintaining safety 


in the automotive industry. 


® Cultivating important SAE relationships with other technical groups such as the American 
Standards Association, Automobile Manufacturers Association, Aero-Space Industries Associa- 


tion, Coordinating Research Council, government agencies, and others. 


DOOM LASDOOEN 


UU 


TOUCH 


UU 


This is the first of three profiles covering the chairmen of the three SAE boards under whose lead- 
ership much of the Society's work is now proceeding. 
In the March issue of SAE Journal, a profile of H. F. Barr, chairman of SAE’s new Engineering 
Activity Board, will appear. 
In the April issue, a profile of William F. Ford, chairman of the SAE Sections Board, will appear. 
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Board 


facturing Company. But the aviation 
lure tempted him again. 

With enough money to operate, he 
launched his own airplane manufac- 
turing company and began designing 
an experimental dual control mono- 
coupe especially suited for training 
purposes. Everything was moving 
smoothly — but the ’29 crash was on 
its way. Dr. Kucher relates it: 

“I was so busy in my laboratory and 
workshop, I didn’t pay any attention 
to the signs. One day someone said 
there was a run on all the banks. I 
just kept on working ... and when I 
looked up I was wiped out.” 

The beginning of the great depres- 
sion marked the end of his aviation 
venture. He returned to the refrigera- 
tion business and, in 1931, joined 
Frigidaire. There he perfected the 
heremetically sealed household refrig- 
eration unit introduced as the “meter- 
miser."”" The sealed motor-compressor 
unit now is universally used in refrig- 
erators and air conditioning machines. 
He also invented one of the first all- 
fresh-air conditioning systems. 

In 1942, Dr. Kucher moved to Ben- 
dix Aviation Corp. As director of re- 
search for Bendix, he pioneered addi- 
tional aviation developments, adding 
more patents on techniques and devices 
to his growing store. Within two years 
he was named a Bendix vice-president. 

Ford’s new approach to scientific 
progress began with Dr. Kucher’s ar- 
rival in 1951. In the years that fol- 
lowed, he built the Scientific Labora- 
tory to a staff of almost 200 persons, 
40 of whom were Ph.D.’s, doing fun- 
damental research in physics, chemis- 
try, metallurgy, and electronics. To- 
day, the Laboratory enjoys a scientific 
reputation parallel with those of the 
great centers of learning throughout 
the world. 

In the applied research area, Dr. 
Kucher has exploited an imaginative 
idea that occurred to him 30 years 
earlier while experimenting with aero- 
dynamic models. Under his direction, 
Ford engineers have developed a ve- 
hicle without wheels which is supported 
a fraction of an inch off the ground by 
air pressure released through “leva- 
pads” beneath the vehicle. ‘(See next 
month's issue of SAE Journal.) 
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The Lavacar is still in an experi- 
mental stage, but holds potentials of 
providing a new mode of public ground 
transportation. Projected to its ulti- 
mate development, multi-passenger 
cars could one day be gliding between 
major cities on an air film, guided by 
rails and traveling at speeds in the 200- 
to 500-mph. range. 

Although his formal education ended 
with graduation from Dickinson In- 
dustrial high school, the University of 
Michigan recognized his keen knowl- 
edge of the branches of science by 
awarding him an honorary doctor of 
engineering degree in 1954. Another 
honorary degree was accorded him in 
1959 by Michigan College of Mining 
and Technology. 


Dr. Kucher lives with his wife at 
20520 Audette, Dearborn. Their ranch- 
type home is only a five-minute drive 
from his office and, as might be ex- 
pected, his basement workshop is fully 
equipped. He builds model airplanes 
for his grandson, and continues ex- 
periments with other types of flying 
vehicles based upon aerodynamic de- 
sign concepts he has nurtured for 
years. 

Dr. Kucher is a member of the SAE 
board of directors for 1960. He also is 
a member of the board of trustees of 
the Rackham Engineering Foundation, 
of the board of directors of the de- 
velopment council of the University of 
Michigan, and of the board of trustees 
of Cranbrook Institute. 
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Carl! L. Sadler 
Chairman 
Aero-Space Council 


G. J. Huebner, Jr. 
Chairman 
Automotive Council 


Muir L. Frey 
Chairman 
General Materials Council 


E. C. Brown 
Chairman 
General Standards Council 
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Technical Board Councils 


AERO-SPACE COUNCIL... The new decade will throw Aero-Space Council committees into 
many new areas. Their current activities indicate that there will be greater emphasis on: 


e Man’s ability to survive physiologically and psychologically in outer space. 

e Reliability and check-out, especially for missiles. 

e The systems concept over consideration of the single component. 

e Shortening the lag between engineering advances and their ultimate utilization. 
e Ground training techniques. 

e Exotic materials. 


e Refining ground support equipment. 
e Producing needed new standards at a faster rate. 


e Strengthening ties with industry through trade associations such as the Air Transport As- 
sociation and the Aero-Space Industries Association. 


AUTOMOTIVE COUNCIL .. . A glance back over the ’50s reveals many standardization feats 
achieved by the 16 ground vehicle technical committees of the Automotive Council. Among 
these are SAE Handbook reports on the measurement of truck noise, truck ability prediction 
procedures, radio noise suppressors, motor vehicle seat belts, and brake lining quality control. 
In addition, test codes were set up for lube oil filters, car and truck automatic transmissions, 
hydrodynamic drives, and 1000-rpm power take-offs for farm tractors. 

Likely to receive committee attention in the 60s are developments related to transaxles, 
transistorized ignition systems, and integrated hydraulic power techniques. 


GENERAL MATERIALS COUNCIL . . . The three most used parts of the SAE Handbook are 
the ferrous, nonferrous, and nonmetallic materials sections, according to an SAE-conducted 
survey of 1959 Handbook subscribers. Numbering over 100, the reports which make up these 
sections emanate from the General Materials Council’s four ground vehicle technical com- 
mittees. 

As the use of new and existing materials grows, so will the services of General Materials 
Council groups. In the future, information development is expected on: 
e High-temperature ferrous materials, an area heretofore considered the domain of aircraft 
e Performance of lubricants with consolidated functions. 
e Plastics and special purpose materials. 
e More exact correlation between laboratory and field experience. 


GENERAL STANDARDS COUNCIL. . . An indisputable way of curbing the cost of high- 
volume production hardware is to reduce multiplicity of sizes. The committees of the Gen- 
eral Standards Council are doing just that through their standardization of nuts, bolts, wash- 
ers, bearings, pins, rivets, and screw threads. 

A first-rate example of GSC committee work is the development of the SAE Standard on 
Involute Splines, Serrations, and Inspection. As the first really complete standard of its kind, 
this SAE Handbook report is currently under ASA consideration. In addition, it is to be 
used to represent the American view point within the International Organization for 
Standards. 
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Technical Board 


gets 8 New Members 


INKED with the appointment of Dr. 

A. A. Kucher (see page 86) as chair- 
man of the 1960 SAE Technical Board 
is the addition of eight new members. 
At Dr. Kucher’s behest, the following 
have begun three-year terms. Their 
job: To help formulate policy on SAE 
standardization work 


As WILLIAM F. BURROWS joins 
the Board, he is vice president and 
general manager of White Diesel En- 
gine Division. He assumed this post 
in 1955 after having headed the engine 
activity at White Motor’s Cleveland 
engineering department. SAE-wise, he 
is a member of the Diesel Engine Test 
Code Subcommittee and Diesel Engine 
Activity Committee. 


MERLIN HANSEN is chief engineer, 
new products, at John Deere’s Re- 
search and Engineering Center where 
he supervises the design of new trac- 
tors and powerplants. The 1958 SAE 
Vice President for the Tractor and 
Farm Machinery Activity, he is cur- 
rently a member of the Board’s Auto- 
motive Council. From 1954 to 1957, 
he headed the Agricultural Tractor 
Test Code Subcommittee. 


Studebaker-Packard’s chief engineer, 
E. J. HARDIG, began his engineering 
career as a draughtsman for Stude- 
baker in 1918. Prior to assuming his 
current post in 1955, he was chief pas- 
senger car engineer and before this, 
chief chassis engineer. His SAE ac- 
tivities include being a member of the 
Ball and Roller Bearing Committee 
and having served on the Passenger 
Car Activity Committee. 


MARTIN HEMSWORTH manages 
the Component Engineering Section of 
General Electric’s Jet Engine Depart- 
ment. As such he is responsible for 
the design and development of basic 
engine components for all of GE’s large 
jet engines. Hemsworth’s career at 
General Electric began in 1940 as a 
designer. 


F. L. LAQUE is vice president of 
the International Nickel Co. and man- 
ager of its Development and Research 
Division. Since joining International 
Nickel 33 years ago, his prime concern 
has been with corrosion and corrosion- 
resisting materials. The current presi- 
dent of the American Society for Test- 
ing Materials, he is also vice president 
of the Electrochemical Society. 
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W. C. MENTZER, vice president of 
engineering for United Air Lines, has 
been associated with every type of 
plane the airline has purchased since 
he joined Boeing Air Transport, 
United’s predecessor company, in 1929. 
He subsequently became chief engi- 
neer, director of engineering, and gen- 
eral manager of engineering. 


W. A. PULVER, vice president and 
general manager of Lockheed’s Georgia 
Division, managed the prototype devel- 
opment factory in Burbank when the 
C130 prop-jet prototypes were being 
built. During his 24-year Lockheed 
affiliation, he has worked on the P-38 
fighter and Navy Constitution. Before 
moving to his present post last year, 
Pulver was chief engineer at the Geor- 
gia Division. In 1959, he served as a 
member of SAE’s Aircraft Activity 
Committee. 


KEITH W. TANTLINGER is vice- 
president, engineering and manufac- 
turing, for Fruehauf Trailer Co., a post 
he assumed two years ago after serving 
as director of research and develop- 
ment and vice president for the Water- 
man and Pan-Atlantic Steamship 
Corps. Prior to this, he was chief en- 
gineer and vice president in charge of 
engineering for Brown Trailers, Inc., 
for nine and a half years. 


Mentzer 


Burrows 


Hansen 


Hemsworth 


Tantlinger 





Rambling Through 


CORVAIR ENGINE 
and other major com- 
ponents were displayed 
for inspection by 200 
SAE members and 
guests from Twin City 
Section December 9. 
The model above is be- 
ing examined by panel 
members who discussed 
engineering areas in 
relation to the Cor- 
vair. They are (left 
to right): L. W. Foster 
of McCulloch Corp. 
who spoke about en- 
gine design problems; 
M. R. Koski from Gen- 
eral Motors Training 
Center who discussed 
special maintenance 
problems of the Cor- 

vair; J. A. Trapp, speaker from Chevrolet Motor Division who described engi- 
neering features of the Corvair; Thomas E. Murphy of the University of Min- 
nesota, technical chairman; and J. B. McFail from D. W. Onan & Sons, Inc., 
discusser of fuel and lubrication problems in air-cooled engines. 


SAFETY EQUIP- 
MENT and _ training 
aids were displayed for 
inspection by 180 
people who attended 
Northwest Section’s 
December meeting 
which was held under 
joint sponsorship of 
the SAE Section and 
the Washington Chap- 
ter of National Asso- 
ciation of Fleet Super- 
visors. Lee Ketchum, 
owner of Safety & 
Maintenance Engineer- 
ing Co. spoke on “Sur- 
vival on The Highway.” 


The 


Sections 


X-15 HYPERSONIC AIRCRAFT, the 
manned missile designed and built by 
North American Aviation, Inc., is capa- 
ble of flying at 3,600 mph and, in 
manned operation, attaining an alti- 
tude of 550,000 ft ‘in excess of 100 
miles). The plane is designed to with- 
stand temperatures of 1,200 deg F 
which may be reached on leading edges 
and other critical areas upon re-entry 
into the earth’s atmosphere, A. L 
V’hite, engineering test pilot for North 
American, told Northern California 
Section at their December meeting. 

White ‘at right) is using a model 
of the X-15 to explain design detail of 
the experimental aircraft to Meeting 
Chairman Roy Van Sickle, section vice- 
chairman, aeronautics 


FATIGUE STRENGTH of a welded 
box section made of high tensile steel 
would probably be no greater than the 
fatigue strength of a similar structure 
made of a lower tensile steel, Thomas 
J. Dolan of the University of Ilinois 
stated at Central Illinois Section’s No- 
vember meeting. Although there is an 
increase in the endurance limit with 
increasing tensile strength when the 
steel is in an unnotched state, the en- 
durance limit for notched steel (rep- 
resentative of the welded box section) 
increases at a lower rate, peaks and 
then decreases with increasing tensile 
strength. 

Fatigue phenomena, Dolan warned 
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earlier in his talk, is a statistical thing, 
and therefore, rigid design rules cannot 
be established and fatigue strengths 
cannot be predicted absolutely. Micro- 
scopic cracks develop at random along 
planes of weakness in materials. Micro- 
scopic gage lengths of the material 
plastically deform while the rest of the 
material is deforming elastically. Two 
specimens having the same macro- 
stress can have vastly different micro- 
stress, and it is the latter which does 
the damage causing the results to be 
statistical 


FALCON IS THE 
that was completely 
utilizing some parts from other Ford 
products. The car is definitely “all 
new,” John J. Prendergast of Ford 
Motor Co. told Southern New England 
Section December 3. 

In order to preserve complete secrecy 
and to serve as an explanation of the 
increased activity to competitors, the 
Falcon was designated as the XK 
Thunderbird when the design was 
started in 1957 


FIRST Ford Car 
designed without 


JOHN FOSTER DULLES INTER- 
NATIONAL AIRPORT includes two 
sets of dual 11,500 ft runaways, ori- 
ented to accommodate current and 
future jet aircraft. The vast con- 
struction project, designed from its in- 
ception for jet transports, was toured 
by SAE members from Washington 
Section. 

A wide belt of trees and shrubs will 
surround the airport to contain the 
sounds and smells characteristic of gas 
turbine engine powered aircraft, Arthur 
Geise of the Federal Aviation Agency 
told the section members. 

Geise (above left) displays the con- 
struction plans to D. Barry Boyce, 
project engineer at Melpar, Inc., sec- 
tion vice-chairman, engineering ma- 
terials: J. M. Miller of the Civil Aero- 
nautics Administration; and Walter 
Flinn, staff director of defense activi- 
ties at Vicker, Inc., section treasurer 
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THE PROP-JET gas turbine engine (shown above) converts 90% of jet engine 


output at the prop shaft into propeller propulsive force. 


pulsive force is jet thrust. 


The remaining pro- 


The operating noise level of this type of engine is significantly less than the 
jet engine and fuel economy is approximately twice that of conventional jets, 


E. M. Deckman told Western Michigan Section December 1. 


Another advantage 


of the prop-jet aircraft lies in its ability to get in and out of short airfields. 

Deckman, who was senior technical man for the engine manufacturer on a 
recent eight week world tour of Lockheed Electra Prop-jet airplane, feels that 
both prop-jet and jet have their place in the future —jets for long distance 
operation and prop-jet for 150 mile range. 


LATEST INNOVATION IN THE 
TRUCKING INDUSTRY is the double 
bottom thruway operation. A specially 
designed tractor for hauling the un- 
usual double-trailer rigs of greater 
length and load has been developed by 
White Motor Co. 

At their Transportation and Main- 
tenance meeting December 7, Milton A. 
Hanna of White Motor Co. told Cleve- 
land Section some of the conditions 
and requirements of double bottom 
operation: 

On the N. Y. Thruway 127,400 lb is 
the gross weight limit allowable. 
Tractors must be equipped with 
tandem axles and must be able to 
negotiate a 3% grade (highest on turn- 
pike) at 20 mph (speed limit is 50 
mph). 

In determining the engine require- 
ments, it was decided that 290 hp was 
necessary for level road hauling to 50 
mph on 3% grade. 

The White model 5464 TDT tractor 
has Cummins engine, 10-speed trans- 
mission, special Timkin axle, two 100- 
gal fuel tanks, reinforced frame, and 
fiberglass tilt cab. 


ALLISON MODEL 250 gas turbine 


engine is being discussed (above) by 
William Castle (right) of Allison Di- 
vision GMC, speaker at Indiana Sec- 
tion’s December meeting. Examining 
the engine are Melvin Estey (left) sec- 
tion chairman and Robert Guernsey, 
vice-chairman, aircraft. 
— continued — 





Rambling 
Through 
The 


Sections 


— continued — 


THE SOLUTION TO TODAY’S 
TRAFFIC PROBLEM may be found in 
the Topper Motor Scooter, William H. 
Harley of Harley-Davidson Motor Co. 
humorously suggested at Milwaukee 
Section December 14 

The Topper was designed to meet the 
growing demand of young people for a 
means of transportation. It is pow- 
ered by a compact, two-cylinder engine 
and has only two driving controls a 
hand-grip throttle to control the speed 
and a brake control to stop. 


MORRIS MURROW (above, center) 
of Humble Oil & Refining Co., Research 
Department, spoke on “Fuels and Lu- 
bricants” at Mid-Continent Section 
December 4. Also present at the meet- 
ing were Harold Quigg (left) chair- 
man, and Idan Flaa (right) vice-chair- 
man, fuels and lubricants. 


JIM LOOS (above left), speaker at 
San Diego Section’s November meeting 
on ground effect vehicles discusses a 
model of a ground effect machine with 
Floyd Rechin, meetings chairman. 


SAE Section Meetings 


BALTIMORE 


March 10... Matthew L. Kalinowski, 
group leader, Standard Oil Company 
(Indiana). “Startup Wear in Auto- 
mobile Engines.” Engineers Club, 6 W 
Fayette St., Baltimore. Dinner 7:00 
p.m. Meeting 8:00 p.m. 


BUFFALO 


March 7 ...C. Gordon Bennett, Jag- 
uar Cars, Inc. “Engineering a Com- 
petition Sports Car.” The Party House, 
677 Beahan Rd., Rochester, N. Y. Din- 
ner 7:00 p.m. Meeting 8:00 p.m. 
March 23 ... J. E Charipar, Plymouth 
Division, Chrysler Corp “The Valiant” 
Hotel Sheraton, Delaware Ave. near 
North. Dinner 7:00 p.m. Meeting 8:00 
p.m. 


CHICAGO 


March 8... Nelson R. Brownyer, vice 
president and director of engineering, 
Transmission & Axle Division, Rock- 
well-Standard Corp. “Automotive Dif- 
ferentials.”” Knickerbocker Hotel. So- 
cial Half-Hour 6:15 p.m. Dinner 6:45 
p.m. Meeting 7:30 p.m. 


INDIANA 


March 17 . . . Garth Sayers, Central 
Engineering, Chevrolet Division. “New 
Chevrolet Truck Suspension.” Conti- 
nental Hotel, 410 N. Meridian St., In- 
dianapolis. Dinner 7:00 p.m. Meeting 
8:00 p.m. Special Feature: Social Hour 


6:00 p.m. 


METROPOLITAN 


March 3 . . Air Transport Dinner 
Meeting. Secor Browne, Nicholas 
Pump Co. “Design Features and Op- 
erational Data of New Soviet Air 
Transports.” Brass Rail Restaurant, 
Fifth Ave. at 43rd St., New York. 
Cocktails 5:30 pm. Dinner 6:30 p.m. 
Meeting 7:45 p.m. 


March 10... Roy Hurley, chairman and 
president, Curtiss-Wright Corp., Wood- 
Ridge, N. J. “An Integrated Engineer- 
ing and Development Program for Cur- 
tiss-Wright Based on the Rotary Piston 
Engine.” Henry Hudson Hotel, 57th 
St. & Ninth Ave., New York. Time 
7:45 p.m. 

March 24... George Merrick, North 
American Aviation. “Control System 
of the X-15.” Garden City Hotel, Gar- 
den City, Long Island, N. Y. Time 
7:45 p.m. 


MID-CONTINENT 


March 4... Harry Hjorth, DC-8 project 
engineer, Douglas Aircraft Co. “DC-8 


Aircraft.” Douglas Aircraft Company 
Plant, Tulsa. Meeting 5:00 p.m. 
Special Feature: Movies. 


NORTHWEST 


March 4... Bill Muncey, Public Re- 
lations & Driver of “Miss Thriftway,”’ 
Thriftway Stores. “Gold Cup Report.” 
Stewart Hotel, 2nd Ave. and Stewart, 
Seattle. Dinner 6:30 p.m. Meeting 
8:00 p.m. 


PHILADELPHIA 


March 9... Robert Hamilton, general 
manager, Guarantee Maintenance En- 
gineering, Mack Trucks, Inc. “When 
Does Guarantee Maintenance Fit Into 
Fleet Operation.” Engineers’ Club 
Auditorium, 1317 Spruce St. Dinner 
6:30 p.m. Meeting 7:45 p.m. 


PITTSBURGH 


March 22... Student Meeting. Papers 
to be presented by SAE Enrolled Stu- 
dents from University of Pittsburgh 
and Carnegie Institute of Technology. 
1960 SAE President Harry E. Chese- 
brough honored guest. 


ROCKFORD-BELOIT 


March 14... W. R. Dalenberg, assist- 
ant manager, Form Equipment Engrg. 
and E. W. Tanquary, staff assistant 
to engineering manager, International 
Harvester Co. “International Harvest- 
ers’ New Research Facilities.” Wagon 
Wheel Lodge, Rockton, Ill. Dinner 6:30 
p.m. Meeting 8:00 p.m. 


ST. LOUIS 


March 11... Student Activity Meet- 
ing. Parks Air College, East St. Louis. 


SOUTHERN NEW ENGLAND 


March 2... “Glass in ‘Orbit’ — To- 
day’s Engineering Properties.” Corn- 
ing Glass Co. Representative. Farm- 
ington Country Club, Farmington, 
Conn. Cocktails 6:15 p.m. Dinner 6:45 
p.m. Meeting 8:00 p.m. 


WASHINGTON 


March 15... Charles I. Fraley, The 
White Motor Co. “Vehicle Selection 
vs. Maintenance Costs.” 


WILLIAMSPORT 


March 7... Malcolm L. Land, chief 
engineer, Cryogenic Machinery Dept., 
Air Products, Inc. “Recent Advance in 
Cryogenic Engineering.” Williamsport 
Moose Auditorium, East Third St. 
Dinner 6:45 p.m. Meeting 8:00 p.m. 
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OLIVER K. KELLEY has bcen named 
technical assistant to the general man- 
ager of the newly-created Defense 
Systems Division of General Motors 
Corp. 

Kelley’s General Motors career be- 
gan in 1927 when he joined Cadillac 
Motor Car Division. Subsequently he 
served in engineering positions with 
GMC Truck & Coach Division, Detroit 
Transmission Division and the General 
Motors Engineering Staff. 

His contributions to automatic trans- 
mission engineering were recognized by 
the National Association of Manufac- 
turers ‘““Modern Pioneer” award. 

LOWELL A. KINTIGH, formerly as- 
sistant chief engineer at Oldsmobile 
Division, has been named to succeed 
Oliver K. Kelley as chief engineer at 
Buick Motor Division, General Motors 
Corp. 

Kintigh joined General Motors in 
1929 as a junior engineer in dynamics 
at GM Research Laboratories. A year 
later he was transferred to Oldsmo- 
bile as dynamometer operator and was 
made foreman in the dynamometer 
laboratory of the product engineering 
department in 1935. 

During World War II he held several 
engineering assignments, contributing 
to Oldsmobile’s defense program. 
After the war, he was made an ex- 
perimental engineer In 1949 he be- 
came assistant chief engineer 


JOHN E. HACKER has retired as 
manager of Crawler Tractors at Euclid 
Division of General Motors Corp., after 
serving the company 26 years. 

Before joining General Motors in 
1933, he was employed by The White 
Motor Co. in Cleveland, following serv- 
ice in the U.S. Army Ordnance dur- 
ing World War I. 

While at General Motors, he was 
works manager at Cleveland Diesel 
Engine Division, works manager at 
Electro-Motive Division in La Grange, 
Ill., and plant manager at Euclid Di- 
vision in Cleveland. 

He is a past director of SAE and 
former chairman of SAE Cleveland 
Section. 
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EMBERS 


HARRY F. DAVIS has been made 
general sales manager of Champion 
Spark Plug Co. In this position he 
will direct both the company’s national 
sales program and the equipment sales 
division. He will be headquartered in 
Toledo. 

Previously Davis was manager of 
the company’s equipment sales Divi- 
sion in Detroit. 

Oo. C. LEIGHTY, vice-president in 
charge of sales will remain with 
Champion Spark Plug Co. in an ad- 
visory capacity. 

Leighty joined Champion in 1919 
and has held executive sales positions 
in the field organization and in their 
home office. He was named vice- 
president and sales manager in 1954. 

DEWEY E. SHERMAN, previously 
assistant sales manager, has been 
named eastern sales manager for 
Champion Spark Plug Co. Sherman 
has served the company for 34 years. 
Prior to being named assistant sales 
manager, he was district sales man- 
ager in the east. 


MRS. CATHRYN WILLIAMS, engi- 
neering designer for the Department 
of the Navy, Naval Air Development 
Center, Aviation Armament at Johns- 
ville, Pa., has been awarded a Superior 
Accomplishment Cash Award for sus- 
tained superior performance during 
the period June 1, 1958 to May 31, 1959. 


JOHN L. THOUSAND has been 
named supervisor of systems engineer- 
ing for Nortronics Division of North- 
rop Corp. Previously he was employed 
by the Allison Division of General 
Motors Corp. as chief, vehicle applica- 
tion, advanced weapon systems. 


Kintigh 


HOMI KAPADIA has been named 
director of overseas marketing for 
Mount Hope Machinery Co. In this 
capacity he will be in charge of co- 
ordinating and promoting the foreigr 
sales and manufacturing activities of 
the company. 

For the past several years Kapadia 
has been active in international af- 
fairs. Prior to joining Mount Hope, he 
was international assistant to the di- 
rector of corporate planning at Rey- 
nolds Metals Co., and sales manager 
of Kawneer International, Ltd. 


JOSEPH A. POREMBA has been 
appointed assistant manager of Van 
Dyke works, Michigan Division, 
Thompson - Ramo - Wooldridge, Inc. 
Previously he was works manager for 
hydraulic products. He has served the 
company since 1941. 

— continued — 
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GEORGE ROMNEY has been chosen 
winner of the ASAE Key Award for 
1959 by the American Society of As- 
sociation Executives. Romney is pres- 
ident of American Motors Corp. 


DR. AUGUSTUS B. KINZEL, vice- 
president in charge of research at 
Union Carbide Corp., has been elected 
to a two year term as chairman of the 
Division of Engineering and Industrial 
Research at the National Academy of 
Sciences. Kinzel was chosen in a 
move to strengthen the status of en- 
gineering and increase participation by 
engineers at the Academy. 


CHARLES R. PLUM has joined 
Spector Freight Systems as district 
manager. Formerly he served Ameri- 
can Air Filter Co., Defense Products 

ivision as general manager. 


MILO F. McCAMMON formerly as- 
sistant general manager at Eclipse- 


Pioneer Division of Bendix Aviation 
Corp., has been named general man- 
ager of the division. 

McCammon joined the Products Di- 
vision of Bendix in 1941 and served as 
both production manager of aircraft 
product line and manager of manu- 
facturing of aircraft landing gear. 

In 1946 he became chief engineer and 
general manager of Ingersoll Steel Di- 
vision of Borg-Warner Corp. In 1949 
he was named general manager of 
Stamford Division of Yale & Towne. 

He rejoined Bendix in 1951 and was 
appointed assistant general manager 
in 1955. He has served on SAE Na- 
tional Production Committee since 
1955. 

VICTOR EMERY has been made 
sales manager of Industrial Division 
of Aeroquip Corp. Formerly manager 
of manufacturers’ sales for Industrial 
Division, Emery will continue to main- 
tain headquarters at Aeroquip’s Jack- 
son Plant. 


ERNEST P. LAMB, executive engi- 
neer in charge of administration for 


Ford Division Engineering Changes 


H. A. MATTHIAS, division 
chief engineer at Ford Motor 
Co., has announced four major 
appointments in Ford Divi- 
sion’s product engineering of- 
fice. 


H. F. COPP has been ap- 
pointed assistant chief engi- 
neer—truck product engi- 
neering. Copp joined Ford as 
an engineer in 1946 and has 
served in a number of key 
executive engineering posts 
prior to his present assign- 
ment. 


D. N. FREY has been named 
assistant chief engineer — car 
product engineering. Frey 
joined the company in 1951 
as manager of metallurgical 
department in the scientific 


Misch 


laboratory. Subsequently he 
became director of the engi- 
neering research office. Prior 
to his present assignment, he 
was executive engineer — car 
product engineering. 


J. L. HOOVEN has become 
assistant chief engineer — 
light vehicle engineering. A 
Ford veteran of more than 20 
years, Hooven’s former posi- 
tion was executive engineer — 
light vehicle engineering, in 
which position he managed 
the Falcon engineering project. 


H. L. MISCH has been ap- 
pointed executive engineer — 
current car product engineer- 
ing. A graduate of the Uni- 
versity of Michigan, Misch 
joined Ford in an executive 
engineering position in 1957. 


Engineering Division of Chrysler Corp., 
has been appointed to the Detroit In- 
stitute of Technology Board of Trus- 
tees. 

Lamb has been engaged in automo- 
motive and truck design for over 35 
years. In 1927, he began working as 
a draftsman at Dodge Truck Engi- 
neering Division. He was promoted 
thru the ranks to executive engineer 
in charge of trucks, a position he held 
until December 1955, when he was ap- 
pointed to his present position. 

Lamb is a member of Chrysler Engi- 
neering Executive Committee and 
Chrysler Institute Board of Adminis- 
tration. He is an active member of 
SAE National Sections Board and is 
chairman of its administrative com- 
mittee. 


J. H. FAMME, former Convair San 
Diego works manager at plant 2, has 
been named to the new post of director 
of Manufacturing Development for 
Convair. In this position he will be 
responsible for broadening the manu- 
facturing development activities to in- 
clude value control. He will report 
to R. C. Sebold, Convair vice-presi- 
dent in charge of engineering. 

Famme was SAE Councelor for 1958- 
1959, an SAE Director in 1957, and is a 
member of the Aero-Space Council of 
SAE Technical Board. 


TOM COLLINS has become assistant 
to president at Wells Cargo, Inc. in 
Las Vegas. Formerly he was vice- 
president of Southern Plaza Express 
Inc. in Dallas, Tex. 

Collins has held several offices for 
SAE Los Angeles and Texas Sections 
He has been chairman of SAE Truck 
& Bus Activity and program chairman 
of SAE Membership Committee. In 
1959 he was Texas delegate to SAE 
Annual Nominating Committee. 


CLYDE W. LESLIE has been named 
vice-president in charge of research 
and engineering for Ryder System, Inc. 
Previously he was manager of Motor 
Truck Service for International Har- 
vester Co. 


RICHARD L. BATES has become 
systems development engineer for 
General Electric Co. Formerly he was 
senior development engineer at Mar- 
quardt Corp. Prior to joining Mar- 
quardt he worked for General Electric 
Co. as control development engineer on 
small aircraft gas turbines. 


ROBERT N. JANEWAY, president, 
Janeway Engineering Co., announced 
completion last month of the com- 
pany’s expanded laboratory for dy- 
namics research in Detroit. 
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HENRY L. EFNER has become con- 
sulting engineer for Hercules Motor 
Co. Elfner retired from International 
Harvester Co. in September 1958. He 
has held various positions during the 
last two years and was most recently 
resident engineer at International Har- 
vester’s Engine Plant in Indianapolis. 

Elfner has held various local SAE 
positions, including chairman of In- 
diana Section 1950-1951, and was in- 
fluential in the establishment of Fort 
Wayne Section. He is a member of 
SAE Committee for Clutch, Flywheel, 
and Bell Housings. 


E. R. STERNBERG has been ap- 
pointed chief engineer of White Truck 
Division, White Motor Co. Sternberg 
joins White Truck Division after three 
years as chief engineer at White’s 
Autocar Division. He came to White 
from Sterling Motor Co. when White 
purchased Sterling in 1951, and worked 
on special assignments until being 
named Autocar’s chief engineer. 


Sternberg Harder 


D. S. HARDER, former executive 
vice-president of Ford Motor Co., has 
been elected a director of Standard 
Products Co. in Cleveland. 

Harder started his automotive career 
in 1915 and has held top positions in 
industry with Durant and General 
Motors Corp. He also served as presi- 
dent of E. W. Bliss Co. He joined 
Ford in 1957, and retired in 1959. 


H. JOSEPH CHASE has been ap- 
pointed vice-president and general 
manager of Aviation Division of Radio 
Corp. of America. 

Until recently, Chase was vice-presi- 
dent of maintenance operations for 
Lockheed Aircraft Service, Inc. Prior 
to that he spent 18 months in Japan 
as Manager of Lockheed’s jet overhaul 
team. He has also served as vice-presi- 
dent and base manager of Lockheed 
Air Service-International at N. Y.’s 
Idlewild Airport. 


GUY C. SHAFER has become vice- 
president and general manager of New 
England Aircraft Products Co. His 
previous position was general manager 
of Small Aircraft Engine Department, 
General Electric Co. 


DANIEL I. McTAVISH has been ap- 
pointed general manager of Auto Elec- 
tric Service Co., Ltd. in Ontario. Pre- 
viously he was proprietor of New 
Market Motors, Ontario. 


WALTER F. SANDERS recently re- 
tired as president of Mountain Brake 
& Engineering Corp. in Tacoma, Wash. 
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J. C. Zeder 
To Retire 


SAE PAST PRESIDENT 
JAMES C. ZEDER, who has 
been associated with Chrysler 
Corp. in executive engineering 
capacities since its founding in 
1925, and who will retire as an 
officer next April, has an- 
nounced his retirement as a di- 
rector effective at the Board 
meeting held January 7, 1960. 
He will continue as a vice-presi- 
dent and special advisor to the 
president until he retires as an 
officer and then devote himself 
to engineering and scientific 
educational pursuits in which 
he has been engaged for many 
years. 

He was the inspiration be- 
hind the founding and also the 
chairman of the SAE War En- 
gineering Board, the agency 
through which the _ Society 
made major contributions to the 
government and the military 
during World War II. Later, 
he became chairman of the 
SAE Technical Board, whose 
organization and functioning 
was originally patterned along 
the lines of the successful War 
Engineering Board. 

Zeder is also a past SAE Di- 
rector, and has contributed a 
number of important papers to 
Society meetings. 

Cited many times for his out- 
standing contributions to engi- 
neering, Zeder directed the 
pioneering of many automotive 
“firsts” at Crysler Corp. He has 
been a vice-president and di- 
rector of Chrysler since 1951. 
He served as director of engi- 
neering and research from 1950 
to 1956 and was first chairman 
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JACK WARD MYERS has become 
sales technical representative for Bur- 
roughs Corp., Electro Data Division. 
Previously he was employed by Gen- 
eral Electric Co. as specialist for com- 
puter system programming. 


WARREN E. BOUDRIE has become 
design engineer at General Electric 
Co.’s Knolls Atomic Power Laboratory 
in Schenectady, N. Y. Previously he 
was design engineer for Eaton Mfg. Co. 
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of the Engineering Board estab- 
lished in 1946. 

Long active in education, 
Zeder was one of the founders 
in 1931 of the Chrysler Institute 
of Engineering and president of 
the Institute from 1947. At the 
University of Michigan he is 
chairman of the Board of Gov- 
ernors of the Phoenix Atomic 
Research Project and a direc- 
tor of the University’s Develop- 
ment Council. He is vice-presi- 
dent and trustee of Michigan 
State University at Oakland 
and a trustee of the University 
of Detroit. 

The University of Michigan, 
Lawrence Institute of Tech- 
nology and the University of 
Dayton have granted Zeder 
honorary Doctor Degrees in En- 
gineering. He is an honorary 
member of Sigma Xi and Tau 
Beta Pi. 

During World War II he con- 
tributed outstandingly to the 
achievements of Chrysler Corp. 
in connection with the engi- 
neering and development of 
military materials and weapons. 
He served during that entire 
period as chairman of the War 
Engineering Board for the au- 
tomobile industry. 

In 1950, the Secretary of 
Commerce appointed Zeder to 
the National Inventors Council 
and he has continued his asso- 
ciation with this group. Heisa 
trustee and member of Operat- 
ing Committee of Automotive 
Safety Foundation, and trustee 
of Thomas Alva Edison Foun- 
dation, in addition to being ac- 
tive in civic affairs. 
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NORMAN SARCHIN has become 
owner of N. Sarchin Co. The newly 
formed company is a manufacturers 
representative organization, which will 
cover activities in the Pacific North- 
west relative to Aircraft, Missile and 
Industrial lines. 

Previously Sarchin was field en- 
gineer managing the Seattle Office of 
Telecomputing Corp. 


— continued — 
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J. DAVID MARKS has been elected 
vice-president in charge of production 
and engineering for Lehigh Valley In- 
dustri@s, Inc. 

Prior to joining Lehigh in Septem- 
ber 1959, Marks was employed by G-V 
Controls, Inc. for six years. He served 
them most recently as manager of en- 
gineering. 

Marks was also a consulting engi- 
neer for about 12 years and has had 
extensive experience in ordnance and 
aircraft electronics. 


_ Ford Engine and Foundry 
- Division Changes 


sh 
Stevenson 


i, oe 


Coleman 


M. L. KATKE, division gen- 
eral manager at Ford Motor 
Co. has announced the follow- 
ing appointments at the En- 
gine and Foundry Division: 


ROBERT STEVENSON has 
been made general manufac- 
turing manager of the divi- 
sion. In this capacity, he is 
responsible for the division’s 
manufacturing operations, 
including the engine and 
radiator and foundry manu- 
facturing engieering staff de- 
partments, and nine plants in 
Dearborn, Cleveland, Lima, 
Ohio, Green Island, N. Y., and 
Sheffield, Ala. 

A Ford engineering execu- 
tive for nearly 25 years, Ste- 
venson was formerly chief 
engineer of the _ division’s 
product engineering office. 

WILLIAM D. INNES has 


been named to succeed Robert 
Stevenson as chief engineer of 


WILLIAM MARBLE, previously as- 
sistant manager of the Engineering 
Activity Division of SAE, has become 
manager of the Division. 

In this capacity he will: serve as 
secretary of the Engineering Activity 
Board, which came into formal being 
curing the 1960 Annual Meeting; co- 
ordinate with his staff policies and 
plans of EAB so that they will be im- 
plemented by the Activity Committees; 
work closely and cooperate with other 
staff divisions and departments; and 
assume a key role in staff leadership 
of SAE information development func- 
tion. He will be responsible to SAE 
management for staff operations in the 
information development area. 


Horton 
the division’s product engi- 
neering office. In this posi- 
tion he is responsible for the 
division’s 10 product engineer- 
ing departments, including ad- 
vanced engine engineering. 


WARREN W. COLEMAN 
has been appointed executive 
engineer — advanced engine 
and design services. He su- 
pervises operations of the en- 
gine design and advanced 
engine engineering depart- 
ments. A Ford engineer for 
20 years, Coleman was for- 
merly manager of advanced 
engine department. 


EMMETT J. HORTON suc- 
ceeds Warren C. Coleman as 
manager of advanced engine 
department. Horton joined 
Ford in 1938 as an hourly em- 
ployee and was most recently 
assistant manager of the basic 
engine engineering depart- 
ment. 


L. L. DODGE has become vice-presi- 
cent in charge of finance and assistant 
secretary for Dana Corp. Since 1958 
he has been Dana vice-president in 
charge of administration. 

Dodge joined Dana in 1948 on special 
assignment to the president and be- 
came executive assistant to the presi- 
dent in 1950. Appointed director of 
planning and budgets in 1953, he was 
the originator of a cost control and 
budgeting program that earned wide- 
spread recognition for its efficiency. 

Prior to joining Dana, he served 
General Motors Corp. for 22 years in 
various financial posts. 


WILSON A. GEBHARDT has joined 
the management staff at Bendix Prod- 
ucts Division, Bendix Aviation Corp. 
In his new position he acts as techni- 
cal assistant to D. M. Heller, assistant 
group executive and George E. Stoll, 
group executive and vice-president. 

Previously Gebhardt was manager 
of aircraft engine equipment for Ben- 
dix Products Division. He has been an 
officer for SAE Chicago Section since 
1953 and was a member of SAE Air- 
craft Power Plant Committee in 1955- 
1956, 1956-1957, and 1957-1958 


ROBERT P. ROGERS has been 
named manager of Experimental 
Manufacturing Department at Lear, 
Inc. In this capacity he will be pri- 
marily responsible for the Nike-Zeus 
build activity. He has served Lear 
since 1956 as a member of the engi- 
neering administration, staff assistant 
to the work manager, and head of 
Nike-Zeus Model Shop 


Marble 


Cebhardt Rogers 
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LESLIE J. O’7DONOGHUE has been 
named to direct the activities of the 
reorganized product service depart- 
ment, Mobile Hydraulics Division of 
Vickers, Inc. In this position he will 
be responsible for field service, publi- 
cation of service literature, and prod- 
uct improvement, customer unit re- 
pair, customer training and services, 
and prototype installation assistance. 

Formerly, O’Donoghue was district 
manager of automotive products de- 
partment of Vickers. He joined the 
company in 1957 after 4 years service 
engineering experience with Ford Di- 
vision of Ford Motor Co. 


E. M. deWINDT has been named 
vice-president and director of sales of 
Eaton Mfg. Co. DeWindt joined Eaton 
in 1941 as a production clerk in the 
company’s Valve Division. 

He was named assistant director of 
sales early in 1959. Prior to that, he 
was, for five years, general manager of 
Eaton’s Stamping Division. 

He has served Eaton as assistant em- 
ployment manager for Valve Division, 
veterans coordinater in Detroit and 
Cleveland, employee relations manager 
of Stamping Division and assistant 
general manager of this division prior 
to becoming general manager. 


FRED C. RUNFOLA, formerly with 
Glenn L. Martin Co. as staff logistics 
planning supervisor and weapons sys- 
tems logistics evaluation specialtist, is 
now senior industrial engineer, logistics 
in the Plans & Programs Department of 
Martin-Activation Division of The 
Martin Co. and assigned to Vanden- 
berg Air Force Base, Calif. at the 
company’s Titan Missile complex op- 
erations. In this capacity he is re- 
sponsible for planning and program- 
ming the manpower for the Titan 
Missile 


ROBERT MARTIN LYNAS has be- 
come manager of Hydraulic Products 
Works, one of the four plants at the 
Michigan Division of Thompson Ramo 
Wooldridge, Inc. Previously he was as- 
sistant to general manager at the 
Michigan Division. 

Lynas was chairman of the SAE An- 
nual Meeting Session in Detroit, Janu- 
ary 11-15; and is scheduled to be panel 
leader at the SAE Production Meeting 
in Cleveland, March 22-24; and a panel 
member at SAE National Aeronautic 
Meeting in New York April 5-8. 


JONATHAN F. BUSHNELL has been 
made manager of Midwest Region for 
Fuel Injection Division of Hartford 
Machine Screw Co. He has been serv- 
ing as sales and service engineer in the 
Midwest area since April 1958. 

Bushnell joined Hartford Machine 
Screw in 1946 after service in the U. S. 
Navy. In 1947 he became development 
engineer at Fuel Injection Division for 
Roosa Master fuel injection pump. In 
1952 he was placed in charge of as- 
sembly and testing operations, a serv- 
ice he performed until his appoint- 
ment to the Midwest. 
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GERALD F. FOX, a sales engineer 
with Dana Corp. since 1954, has been 
transferred to the West Coast area, 
where he will serve the company in a 
similar capacity. Fox worked chiefly 
with various divisions of Ford Motor 
Co. while a member of Dana’s home 
office sales staff in Toledo. 


BEN F. BREGI has been made vice- 
president of manufacturing and re- 
search for National Broach & Machines 
Co. A member of the Board of Di- 
rectors, Bregi was formerly vice-presi- 
dent of engineering. 


E. B. FALK has been appointed di- 
rector of advertising and public re- 
lations at Twin Disc Clutch Co. Falk 
joined Twin Disc in 1946 and has 
handled a variety of assignments in 
engineering, advertising and sales de- 
partments. Prior to his recent ap- 
pointment he was manager of adver- 
tising and sales promotion. 


R. W. KEELEY, president and gen- 
eral manager of Bendix-Eclipse of 
Canada, Ltd., a subsidiary of Bendix 
Aviation Corp., has received the Human 
Relations Award of the Canadian 
Council of Christians and Jews for his 
outstanding service to his community 
and his efforts to improve intergroup 
relations. 


MANNING H. DANDRIDGE, as- 
sistant section head, Missile Power 
Plants, Systems Design Department 
at Grumman Aircraft Engineering 
Corp., has added responsibility as 
Grumman Representative at Aerojet 
General Corp.’s Solid Rocket Plant at 
Sacramento, Calif. 


RALPH A. BONAFEDE has been ap- 
pointed factory manager at Republic 
Aviation Corp. Bonafede has served 
the company for 19 years and was most 
recently assistant factory manager. 
Prior to that he served in various su- 
pervisory position on the production 
line and was appointed production 
manager in 1955. 


RICHARD E, CLAY has been named 
transportation sales manager for 
Metals Division of Olin Mathieson 
Chemical Corp. He was formerly man- 
ager of automotive sales for Olin 
Aluminum. In his new position, in 
addition to automotive sales, he has 
been assigned marketing duties involv- 
ing entire transportation market. 


ROBERT W. WILSON is serving 
McCord Corp. as consulting engineer. 


Previously he was executive engineer 


for McCord. 


GEORGE F. WEINWURM has joined 
System Development Corp. as weapon 
system engineer. Previously he was 
first lieutenant for the U. S. Air Force 
Flight Test Center at Edwards Air 
Force Base in Calif. 


JOHN L. COURSEY has joined As- 
sociated Spring Corp. as sales repre- 
sentative. Previously he served Solar 
Aircraft Co. in a similar capacity. 
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ROBERT G. YEAMANS has become 
principal engineer in charge of small 
engines at Rocketdyne Division of 
North American Aviation, Inc. Pre- 
viously he served them as assistant to 
the manager of F-108 Weapon System. 


RALPH H. SHEPARD, previously 
hydraulics design engineer with Sikor- 
sky Division of United Aircraft Corp., 
is now hydraulics design engineer at 
their Hamilton Standard Division. 


Obituaries 


VERNON M. BABCOCK ... (M’48) 
... president of Pioneer GMC Trucks, 
Inc. . . . died November 29 . . . born 
1899. 

EDWARD FRANCIK ... (M’48) ... 
sales engineer at Imperail Brass Mfg. 
Co. ... died December 8 .. . born 1910. 

HUGH L. JACOBS ... (M’47) 
retired in May as manager of transpor- 
tation for Magnolia Petroleum Co.’s 
Marketing Department (Magnolia Pe- 
troleum Co. was combined with Mobil 
Oil Co. in October, 1959) ... died Au- 
gust 3... born 1895. 

J. J. POWELSON ... (M’33) 
chief automotive engineer for Esso- 
Standard Oil Co... . died October 11 
... born 1896. 





Wide exchange of information 
at SAE Annual Meeting 


BUMPER CROP of technical ses- 
sions marked the inauguration of 
1960 SAE President Chesebrough and 
the first meeting of the new Board of 
Directors. When 1959 President Ray- 
mond turned over the gavel, over 6000 
engineers had already had a rich tech- 
nical fare at the 80-odd paper presenta- 
tions and over 70 committee meetings. 
The range of the information ex- 
changed at the meeting went from pro- 
duction to research ... from compact 
cars to exotic space-power systems... 
and from atoms to worldwide systems 
concepts. Capsules of the sessions start 
on the next column. 
The new SAE Board of Directors 
heard of the accelerated pace of infor- 
mation development from its new En- 
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gineering Activity Board and reorgan- 
ized Technical Board. Already 1960 
looks as if it will have the biggest single 
pool of technical information in any 
year since the founding of the Society. 
This is one of the fruits of the recent 
constitution change and the implemen- 
tation of the Planning for Progress 
program. Technical activity in the 


Sections is also due for a boost as a 
tighter bond is forged between all the 
information sources of SAE. 

At the same time the “Project Boot- 
strap” started by 1959 President Ray- 


mond will push forward to insure the 
ever-increasing quality of the material 
developed for, and distributed to, the 
members of SAE 

At the Annual Business Meeting on 
Monday evening, the election of the 
1960 Board of Directors was announced 
and the Annual Report was presented. 
In his presidential address, President 
Raymond discussed the reasons why a 
dues increase is necessary. ‘(For com- 
plete story on the dues increase, see 
p. 81.) 


Capsules of Technical Papers 


DIRECT CONVERSION SYSTEMS 
— The direct conversion of nuclear 
heat to electricity is being vigorously 
pursued because in this way the po- 
tential of atomic energy can be rea- 
lized more completely. The intrinsic 
temperature of the fissioning process is 
millions of degrees. The temperature 
actually obtainable is limited by the 
melting point, vapor pressure, and 
other properties of the fuel element 
material. The heat of the fissioning 
material would be converted directly 
to electricity in a system requiring no 
moving parts and able to operate at 
higher temperatures than those of 
present-day reactors. 

Some of the types of converters being 
considered are: lithium hydride ther- 
mally regenerative fuel cell, doped 
lead-tellurium thermoelectric con- 
verter, closely spaced thermoionic 


diodes, and plasma diodes using cesium 
or noble gas plasma. 

Present plans with the cesium con- 
veter call for operation at 2000 C — 
which is roughly twice that in reactors 
on the drawing board. Power conver- 
sion efficiencies of up to 10-15% could 
probably be obtained with present ver- 
sions of this type of converter. If this 
can be doubled, the method will become 
competitive with conventional ma- 
chinery. 

The noble gas plasma diode is being 
studied because it eliminates alkali 
metal in the diode. An experiment has 
been performed in the University of 
Michigan research reactor in which a 
uranium carbide cathode (which pro- 
duces a plasma of relatively low frac- 
tional ionization in a noble gas) was 
operated at up to 2000 K. 

Various nuclear electrical power sys- 
tems are being considered for a manned 
space probe, because of strict reliability 
requirements. Solar direct conversion 
systems in the one megawatt power 
class are also competitive from a 
weight standpoint with nuclear sys- 
tems. 


NUCLEAR APPLICATIONS — Two 
important application are: 

e Use of radioactivity to improve au- 
tomotive safety. 

e Use of the nuclear reactor to power 
space rockets. 

The nonpower uses of radioactivity 
to help produce and maintain auto- 
motive transportation will increase in 
the future—and may even lead to 
devices that could greatly improve 
driving safety. These might include: 

e Detection systems for the vehicle 
with respect to the roadway, which can 
be made simple and reliable through 
the use of radioactivity. 

e Better methods of penetrating fog, 
using infrared radiation emitters. 

One of the problems to be solved in 
the development of nuclear space 
rockets is the selection of the best fuel 
element shape. Some of the many 


SAE JOURNAL 








considerations that must be taken into 
account are: 

e Method of retaining the fuel ele- 
ments in the reactor. 

e Resistance of shape to gas flow 

e Free-flow ratio (percentage of re- 
actor frontal area that permits 
flow) 

e Effectiveness with which the shape 
gives up its internally generated heat 
to the flowing gas 
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SYSTEMS ANALYSIS — It is prac- 
tical to deal by logical analysis with 
many relatively complicated systems 
involving men, machines, and economic 
systems. On the other hand, analytical 
analysis become difficult when man is 
introduced as a part of a system and 
as physiology, psychology, ethics, re- 
ligion, and cultural attitudes play a 
dominating part in the choices to be 
made. However, greatly improved 
suboptimization can be achieved if one 
considers, with the best approach pos- 
sible, at least the next largest system 
above the system to be analyzed, in 
order to provide some guidance with 
respect to the “big picture.” 

One method of approaching a com- 
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plex system engineering task is to: (1) 
set very high tentative goal, (2) search 
science and technology exhaustively for 
system concepts, (3) choose promptly 
the specific time and use for first sys- 
tem model, (4) initiate first magnitude 
research early, (5) choose first system 
concept and zero order design, (6) 
speed evaluation of model and design 
by use of simulation, and (7) evaluate 
proposed design continually using cur- 
rent models. 


EXPERIMENTAL INVESTIGATION 
— At the outset of any investigation 
the experimenter should know whether 
his task in the selection of a few vari- 
ables from a considerable number that 


could be studied or whether he is con- 
cerned with ascertaining the quantita- 
tive effects of variables already se- 
lected. There is a difference in the 
approach of these two tasks: The 
screening of the important variables 
from a lengthy list is usually effected 
by trying each variable at two or per- 
haps three levels. The task would be 
formidable if all possible combinations 
of these variables and their levels were 
investigated. 

Whether an experimental investiga- 
tion is very simple or quite complex, 
statistical methods can be used to re- 
move ambiguities from objectives, data 
acquisition procedures, and data analy- 
sis procedures. The experimental uni- 
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verse can be represented by statistical 
models, then balance, randomization, 
and replication become the principles 
whose appropriate application can lead 
to a state of mathematical consistency 
between the models and the data ac- 
quisition procedures. Overall consist- 
ency is attained by requiring the ob- 
jectives to ask for inference that can 
be reached by mathematical analysis 
when the data are substituted into the 
models. 


AUTOMOTIVE COMPUTER USES 
— Computers are being used for a va- 
riety of automotive applications; the 
design of engine mounts to control 
shake, analysis of automotive drive- 
trains, and solution of complex sus- 
pension geometry problems are a few 
of the more important computer tasks. 

The engine mounting system is more 
complex that it might appear because 
of closely grouped natural frequencies 
with damping. The response of such a 
system for a given force and frequency 
is the combined response of several 
modes. These modes cannot be sepa- 
rated and identified easily by experi- 
mental methods. The digital computer 
combined with matrix analysis forms a 
very powerful tool available for this 
task. This equipment permits rapid 
computation of each normal mode and 
corresponding frequency for an engine 
mounting system. This means that 
hundreds of different engine mounting 
systems can be evaluated in the time 
required to build only a few experi- 
mental models. 

Computer analysis has increased the 
ability of engineers concerned with the 
driveline problem to deal with the in- 
creasing large number of combinations 
of powerplants, transmission exten- 
sions, and propshafts. In advanced de- 
sign programs, the computations have 
been helpful in picking out the drive- 
line lineups most likely to have vi- 
ration problems so that they might be 
scheduled for early test and allowed 
maximum lead time for development. 
Direct applications have been made — 
destructively high stresses reduced by 
modifications to increase the tuning 
ratio — but the benefits of being able 
to rapidly see the effect of the varia- 
tion of a length, weight, or stiffness and 
of knowing what phenomena can and 
can’t be explained by the given set of 
assumptions, are probably of the great- 
est value. 

The application of computer facili- 
ties to the solution of a conventional 
front suspension geometry and related 
problems such as wheel rates and loads, 
spring-to-wheel ratio, rate of ratio 
change, anti-drive percentage, and 
steering ball joint path has opened the 
way to wider activity employing com- 
puter techniques. 

Proposed independent rear suspen- 
sion designs involving, in some cases, 
complex linkage systems have been 
programmed. These programs in- 
cluded means for analyzing anti-lift 
and anti-squat forces as well as roll 
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versus steer characteristics. As a re- 
sult of this program, the engineers had 
the opportunity to evaluate each de- 
sign more critically than would have 
been possible if graphical methods had 
been used for the geometry solutions. 
For example, it was possible to make 
as many as forty geometry attempts for 
one design proposal in order to achieve 
every possible geometric advantage 
from suspension component arrange- 
ment. 

As engineers and scientists encounter 
more sophisticated problems in applied 
mathematics, they are finding that 
computing answers using a modern, 
high-speed computer is just a small 
part of the problem solution. Other 
steps in the solution, such as analyzing 
the problem and translating it into 
computer language, have become much 
more imposing and time consuming. 
Unfortunately, while the computing art 


Engineering 


has made great strices with each new 
wondrous piece of electronic hardware, 
the solving art has not. 

To make up this lag, people in the 
computer field have recently been try- 
ing to turn over to the computer more 
and more steps in the solving of a 
problem. They have, for example, 
greatly reduced the amount of manual 
programming through use of special 
intermediary languages like FORTRAN 
(formula translator) which are based 
on ordinary English and mathematical 
notation. 

Going beyond these initial efforts 
is DYANA. For large classcs of dy- 
namic and equivalent systems, DYANA 
performs automatically not oniy the 
computing of a problem but also the 
programming and the major part of 
the analytical work needed in seiting 
up the problem. Thus it eliminates the 
painstaking effort now involved in 
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programming, coding, and debugging a 
computer program. It also simplifies 
the analysis of a physical system to a 
point where a simple description and a 
few mathematical expressions are 
usually sufficient. 

The measure of efficiency of any com- 
puting system is the extent to which it 
reduces the total elapsed time to solve 
a problem. This is the time from the 
origin of the problem to the time at 
which the computer produces accepta- 
ble answers. To evaluate the efficiency 
of DYANA with respect to this meas- 
ure, a number of dynamics problems 
were solved using only the resources 
of the FORTRAN programming sys- 
tem. The same problems were resolved 
using DYANA. In each instance, 
DYANA reduced the elapsed time by a 
factor of from 4 to 8. 


COMPUTERS AID GEAR DESIGN 
— Computers are being used to solve 
many problems associated with the de- 
sign of gears. Typical of such prob- 
lems are: external and internal gear 
data for spur and helical gears, in- 
cluding form factors for bending stress 
calculations, spur and helical gear 
meshing characteristics, tooth overlap, 
clearance, and backlash. Computers 
are frequently used for design and 
cutting calculations for hypoid gears. 
Mesh analysis of crossed axis helical 
gears and calculations using the bal- 
anced life concept of gear design are 
among other computer applications. 


GROUND EFFECT MACHINES — 


Ford's Levacar is supported and slides 
along on a tissue-thin film of air. This 
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sliding feature makes it possible to at- 
tain speeds in the 500 mph range rather 
than the 60 mph average estimated for 
other ground effect devices. 

Most of the Levacar features are 
relatively conventional—apart from 
its speed — and the only significantly 
different items are the levapads on 
which these vehicles ride. 

In its simplest form, a levapad is 
merely a flat plate with a hole in the 
center and an air supply forced down 
to create a film of air between the 
plate and its support. This raising of 
the plate, or levitation provides al- 
most frictionless support for sliding. 
However, the hole-in-the-middle con- 
figuration is a very inefficient one and 
many other designs are _ possible. 
Among these are pool-bearing, orifice- 
slot bearing, porous center bearing, and 
modified pool bearing. Each of these is 
designed to extend the diameter of the 
high pressure center and thereby in- 
crease the load-carrying capacity of 
the bearing. 

Current research results confirm 
that, in all significant performance 
areas, the performance of a ground ef- 
fect machine (GEM) depends primarily 
on the ratio of its size to its height 
above the ground. Present indications 
are that large GEM’s at moderate 
heights can provide several times bet- 
ter hovering performance than that of 
existing aircraft, together with re- 
spectable cruise performance. In the 
absence of extensive, flat, unobstructed 
land areas, operation over large bodies 
of water is the most attractive possi- 
bility. Some further research prog- 
ress, particularly in the stability and 


control areas, is necessary to confirm 
and evaluate this possibility 


JET FUEL COMBUSTION PROP- 
ERTIES — Industry-wide standardized 
jet fuel seems unlikely; instead, in- 
dividual airlines will probably become 
more and more exacting in require- 
ments for their particular aircraft and 
operations. The wide-cut fuel ASTM 
Type B ‘(designated JP-4 by military 
has real performance possibilities for 
commercial aircraft, and has adequate 
room for combustion quality improve- 
ment. It will also remain as the single 
very large volume military jet fuel, 
with limited growth beyond 1965. 

Gas turbine combustor tests have 
been conducted to determine the effects 
of fuel types. The effect of monocyclic 
versus polycyclic aromatic components 
in JP-5 fuels having the same ASTM 
Smoke Points on total flame radiant 
energy was investigated. The per- 
formance of research combustors and a 
J79 engine single combustor operated 
at low (atmospheric) pressure showed 
variations in aromatic type or content 
within the present JP-5 specification 
to have no significant effect on flame 
radiation. The performance of re- 
search combustors and a J57 engine 
single combustor operated at high 
(5-15 atmospheres) pressure showed 
that polycyclic aromatic fuel blends 
burn with higher flame emissivities 
than monocyclic aromatic fuel blends 
of comparable ASTM Smoke Point. 

Fuels ranging from gasoline to No. 
2 fuel oil were tested for combustor 
deposition and exhaust smoke at three 
levels of operating severity in a Boeing 
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502-10C gas turbine engine (220 hp). 
The engine didn’t operate satisfactorily 
on any of the ASTM No. 2 fuel oils 
tested, on many No. 2-D diesel fuels, 
or even on some No. 1-D diesel fuels. 
The unsatisfactory operation was due 
to deposits breaking loose from the 
combustors and wedging in the turbine 
nozzles. The tolerance of the engine 
for combustor deposits decreased as 
operating severity increased. Fuels 
giving satisfactory operation at light- 
duty conditions also performed satis- 
factorily at heavy-duty conditions. 
Similarly, fuels giving unsatisfactory 
operation did so at both light and 
heavy-duty test conditions. Exhaust 
gas smoke was usually heaviest with 
fuels giving heaviest combustor de- 
posits. 


CONSTANT SPEED DRIVE RE- 
QUIREMENTS — USAF requirements 
for constant speed drives will meet fu- 
ture demands as follows: (1) Wider 
ambient temperature range capability. 
An aircraft electrical generating sys- 
tem capable of operating in a 600 F 
ambient temperature is being de- 
veloped. Both a hydromechanical and 
a mechanical (friction) drive are be- 
ing evaluated. (2) Dual purpose units 
using the CSD to start the aircraft en- 
gine. Three drive manufacturers are 
working on these units which will de- 
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crease aircraft weight. (3) CSD’s 
which will be exposed to nuclear radia- 
tion environment. The biggest prob- 
lem in both nuclear radiation and high- 
temperature environments is probably 
the development of a lubricating fluid 
which doesn’t break down when ex- 
posed to heat and/or nuclear radiation. 

Advances incorporated in the F-106 
generating system include: electrical 
multiplicity — one drive, four genera- 
tors, eight electrical systems — without 
need for inverters or transformer-recti- 
fiers; essentially environment-free, oil- 
cooled, gear-driven generators; and 
frequency control of +0.5%. 

Out of Boeing’s experience with de- 
veloping and qualifying both pneumatic 
and hard drive CSD’s for the B-52 air- 
planes, have come some guide posts for 
design. One of these is to use a dual 
shut-down system where two valves 
are used in a series (such as an on-off 
valve and a governing valve). Any 
reason for shutdown (deliberately by 
operator, overspeed, loss of oil, bearing 
failure) should cause both valves to 
snap shut. 


CSD DESIGNS FOR AIRCRAFT AC- 
CESSORIES —CSD’s have been de- 
signed to meet special requirements. 
One unit, designed by AiResearch, com- 
bines the engine starter and a low heat 
rejection constant speed drive. During 


engine operation, this CSDS utilizes the 
conventional air turbine starter as a 
speed trim to compensate for variations 
in engine speed and thus provides a con- 
stant generator input speed. When the 
engine isn’t operating, this same air 
turbine is capable of operation as an 
air turbine motor to provide the re- 
quired generator power at constant in- 
put speed when supplied with air from 
a gas turbine compressor or an operat- 
ing engine. The ability to operate from 
dual power sources results in a multi- 
purpose unit which not only efficiently 
converts variable speed input shaft 
power into essentially constant fre- 
quency electrical output power during 
flight but also performs the following 
additional functions: (1) interengine 
bleed starts, (2) ground starting from 
contemporary pneumatic units, (3) 
ground checkout of entire electrical 
system, and (4) cross bleed emergency 
electrical power. 

Sundstrand’s 120 kva hydromechani- 
cal CSD is the largest aircraft device 
of this type to have been contracted for 
production aircraft. Unique and ad- 
vanced design concepts include: (1) 
Use of fabricated housings in place of 
castings. (2) High speed bearings with 
DN values of 1.8 million. (3) Im- 
proved control system in regard to 
basic governor performance, limit gov- 
ernor performance, frequency and lead 
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controller and frequency reference de- 
sign, and current transformer accuracy. 
(4) Improved load division accuracy. 
General Electric’s 40 kva CSD for 
the Convair 880 and 600 jetliners was 
designed keeping in mind the primary 
requirements of airlines — reliability, 
safety, long life, and low operational 
cost. Low cost operation and relia- 
bility are probably the most important 
and equipment life is the key to 
both. Since internal (or working) pres- 
sure is the most important factor in 
determining drive life, one way to 
achieve the 2000 hour design life ob- 
jective was to select a very conservative 
rated load working pressure of 1200 
psi. Oil temperature is also important. 
So the normal maximum continuous oil 
temperature is 275 F, with a maximum 
temperature of 315 F. This selected 
range allows good lubrication and op- 
timized drive performance. 


UTILITY AIRCRAFT — As travel re- 
quirements for the future increase, a 
greater and greater segment will be 
taken by the airplanes of general avia- 
tion. Such a means of travel enables 
a businessman to go when he wants, 
stop where and when he desires, elimi- 
nating the rush and wait frequently 
experienced with other forms of trans- 
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portation. Also, it enables him to cover 
more miles and obtain more customers 
than would be possible otherwise. 

One company says, “It is impossible 
to say with any certainty to what ex- 
tent the intangibles of prestige, cus- 
tomer good will, and the minimizing 
of travel fatigue on the part of our ex- 
ecutives and engineers can be said to 
compensate for the operating costs of 
the aircraft.” 

The expanding use of aircraft by 
business has produced many new prob- 
lems including: acquisition, operation, 
maintenance, scheduling, and efficient 
utilization of the aircraft. Meeting 
these problems brings the additional 
headaches of hiring, training, pro- 
ficiency checking, upgrading, and 
proper placement of highly specialized 
manpower assigned to fleet duties. To 
make effective use of its aircraft, a 
company must solve these problems 


INTEGRATING MISSILE GSE — To 
obtain the goal of operational suitabilty 
in a system sense, the following must 
be considered in the design of ground 
support equipment—weapon design, 
and operational, maintenance, logistics, 
and personnel concepts. The problems 
associated with integration of GSE are 
essentially reduced to that of utilizing 
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existing experience data and the evo- 
lutionary improvements of proven 
equipment and techniques. 

For example, successive designs of 
launcher shelters for the BOMARC 
defense missile have maintained re- 
liability by stopping and reversing 
successive increases in mechanical 
complexity. ... At the same time, con- 
struction costs were lowered by re- 
ducing quantity of construction ma- 
terials. A prototype designed for the 
latest version of the BOMARC was 
subjected to extensive roof operating 
tests under simulated combined snow 
loads (30 psf) and wind loads for 
specified operation during 60 mph 
gusts. Throughout, the roof opening 
was fast (4 sec), dependable and auto- 
matic. And reductions in cost were 
very pronounced over earlier models. 
Shelter designs may be further changed 
due to Air Force interest in increased 
invulnerability to direct attack. 


SOLVING JET TRANSPORT SYS- 
TEM PROBLEMS Experience and 
testing are pointing up the problems 
associated with jet transport pressure 
fueling and landing gear and tire sys- 
tems. These problems are being cor- 
rected by cooperation between manu- 
facturers and airlines. Tests were 
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made to determine conditions causing 
surge in the DC-8 fuel system. Before 
testing was concluded, Douglas Aircraft 
was able to release to the airlines para- 
meters covering fueling equipment to 
prevent damage to the DC-8 during 
fueling. These include: (1) Fueler 
valve initial opening time to eliminate 
start-up surge. (2) Fueler valve sens- 
ing time to eliminate rapid surge dur- 
ing aircraft fill-valve shut-down condi- 
tions. (3) Fueler valve pressure control 
tolerances to insure stable pressure de- 
livery to the aircraft during single or 
dual point fueling. (4) Fueler main- 
tenance and inspection procedures to 
insure unit is functioning as designed. 

Experience with the Boeing 707 
landing gear, made primarily of high- 
strength steels, showed that such steels 
are susceptible to rapid fatigue crack- 
ing at stress riser or high stress areas. 
Service failures indicate the need for 
improved fatigue testing, including use 
of photoelastic plastic techniques and 
full-scale wood models. Another prob- 
lem brought to light was galling of the 
truck beam and its pivot bolt — 
caused by very small angular move- 
ment between the bolt surface and the 
beam. Other areas were also found 
where pinjoints have worn quite rapidly 
due to surface roughness. The cor- 
rective action being taken is to pro- 
vide replaceable bushings and chrome- 
plated pins with much smoother sur- 
faces. 


RELIABILITY PROGRAM — 
Achievement of product reliability is 
dependent upon the ability of each in- 
dividual worker to perform his relia- 
bility task in an informed, intelligent, 
and diligent manner. Reliability con- 
trol techniques should be designed to 
provide the individual with clear di- 
rection, definition, and tools essential 
to the understanding and accomplish- 
ment of his assignment. The tech- 
niques should also provide the ability 
to budget and control the reliability 
characteristics and to make prompt, 
sound decisions based on factual evi- 
dence. 


AUTOMOBILE CRASH SURVIVAL 
— What happens to a motorist as he 
is tossed around inside his car during 
an intersection-type collision? Certain 


interior design features, more than any 
other single cause, are responsible for 
the variations in degree of injuries sus- 
tained by motorists within the same 
car. 


They frequently give mute testi- 
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mony as to why, for example, one 
motorist sustains only minor to mod- 
erate injuries, while another riding in 
the same car becomes a fatality. From 
the standpoint of machine efficiency 
and dependability, the modern automo- 
bile creditably reflects the continuing 
product research and development ac- 
tivities of the industry. Although the 
industry has in recent years conducted 
some collision research, interior design 
for passenger safety during collision 
has not kept pace with other improve- 
ments. The crashworthiness of the 
automobile is clearly the responsibility 
of the industry and it is critically es- 
sential. 


AUTO AIR POLLUTION IS 40% 
CRANKCASE GAS — Tests show that 
hydrocarbon emission from the crank- 
case is of the same order of magni- 
tude as that due to exhaust. Blowby 
gases are predominately carbureted 
mixture. So specific hydrocarbons in 
the fuel determine the specific hydro- 
carbons in the crankcase gases. Feed- 
ing engine crankcase gases back to the 
intake system eliminates crankcase 
hydrocarbon emissions without appre- 
ciably affecting exhaust emissions. An 
internal crankcase ventilating system 
can thus eliminate about 40% of the 
engine hydrocarbon emissions (consid- 
ering crankcase plus exhaust, under all 
operating conditions) exclusive of car- 
buretor vent losses. 


COMPACT CARS, U. 8S. STYLE — 
The Big Three of the American auto- 
mobile industry this year joined the 
trend toward smaller cars with the in- 
troduction of the Corvair, Falcon, and 
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Valiant. Basic features of the cars 
are as follows: 

Corvair — Unitized body. Opposed 
6-cyl aircooled rear engine, with a 40% 
front, 60% rear weight distribution. 
Compression ratio 8/1. Curb weight 
2382 lb. Engine displacement of 140- 
cu-in. Bore 3% in., 2.6 in. stroke. 
Transaxle assembly. 

Falcon — Unitized body. In-line 6- 
cyl front engine. Compression ratio of 
8.7/1. Weight 2350 lb. Engine dis- 
placement of 144.3-cu-in. Bore 3.5 in., 
2.5 in. stroke. 

Valiant — Unitized body. In-line, 6- 
cyl front engine. Compression ratio of 
8.6/1. Bore and stroke of 3.4 = 3.12 in. 


MILITARY UTILITY TACTICAL 
TRUCK — The M151 %-ton military 
utility tactical truck will carry a driver 
and three passengers, or may be used 
to carry 800 lb of cargo cross-country 
or 1200 lb on the highway. When 
fully loaded it will also tow 1500 lb 
cross-country or 2000 lb on the high- 
way. 

It is designed to operate under all 
weather conditions, will start without 
aids at -25 F ambient temperature and, 
when equipped with a gasoline heater 
for engine preheat, will start and per- 
form in -65 F ambient temperature. 
By direct contrast, it also will perform 
at 115 F ambient temperature without 
auxiliary cooling aids. It will ford 
hard-bottom water crossings at a depth 
of 20 in. and, with the addition of 
snorkels for air intake and exhaust, 
can be operated completely submerged 
in 5 ft of water. It has the capability 
of climbing a hard surface grade of 
60% when fully loaded, and it has a 
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Engineers’ Responsibility to Society 


“ENGINEERS have done great and wonderful things for man, but 
they have also provided him with the means for destroying the entire 
human race, both body and soul.” Thus, warned Dinner Speaker Dr. 
Long, every engineer, as an individual, must remember that he, too, is 
a member of society, and must bear his share of responsibility for the 
machines engineers have devised. 

He pointed to two of the engineer’s accomplishments — the now 
operational ICBM Atlas and the hydrogen bomb—as proof of the 
arrival of pushbutton warfare ... and man’s ability to destroy the 
human race. 

But even more serious by far, he warned, are the engineer’s accom- 
plishments that can be used to destroy men’s souls. He cited radio 
and TV, as being used to deaden the spirit of man. Man used to 
love and value leisure, he said, . . . but today man is using his leisure 
to destroy his spirit . . . he is becoming a mere vegetable. 

Dr. Long offered no pat formula for solving these profound prob- 
lems of modern civilization. “I am trying,” he said, “to awaken in 
each one of you the desire to do your part, as a member of society, 
in helping to solve this problem. You should, for example, be greatly 
concerned about the educational process . . . particularly what is 
happening in the engineering schools. You should do what you can 
to see to it that we train the engineers of tomorrow to be more aware 
of social problems and social philosophy .. . and to understand their 
responsibilities to mankind as a whole. Nobody has more influence 
on society . . . or more need for responsibility than the engineer.” 

Other participants in the dinner speaking program were: SAE De- 
troit Section Chairman B. W. Bogan, who extended greetings from the 
Section; 1959 SAE President Leonard Raymond, who was toastmaster; 
and incoming 1960 SAE President Harry E. Chesebrough. 

Raymond, in summing up the past year’s activities, pointed to the 
strides being made in improving the quality of our meetings and our 
technical information; and the long-range plans being laid to enhance 
our member services at the local and national levels. 

In his welcoming address, Chesebrough stressed the importance of 
engineers acting as individuals in the Sixties. In conclusion, he said. 
“SAE and its members have responsibilities to contribute individually 
and collectively to our capacity the results of which we are capable. 
Our professional pride demands this, our Society membership requires 
it, and our nation needs it, in this all-out battle for the continuing op- 
portunity to act as individuals.’ 

SNe ere ae C. C. Dybvig (left), chair- 
man of the Dinner Program 
Committee, is shown here 
conversing with B. W. 
Bogan, SAE Detroit Section 
chairman. 
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maximum drawbar pull of 2100 lb when 
carrying 1200-lb payload. 


RATING BRAKE CAPACITY — The 
need for a reliable and convenient way 
to rate brake capacity has long been 
evident. Stopping ability as an index 
to brake performance is well estab- 
lished, but a good braking system also 
has other characteristics which must 
be evaluated. This evaluation rests 
largely upon subjective considerations, 
because standards suitable for gaging 
performance other than _ stopping 
ability are lacking. 

Some interesting relations can be de- 
veloped by considering energy relations 
involved in the stopping of a vehicle 
as compared to holding a steady speed 
down a given grade. Two important 
input conditions can be recognized: 
(1) the transient phase of stopping or 
bringing about a decrease in speed; and 
(2) the steady or sustained state where 
the vehicle speed remains substantially 
unchanged, but a more or less constant 
input into the retarding mechanism is 
necessary to balance the effect of 
gravity. The transient condition is 
characterized by very high input rates 
involving comparatively small amounts 
of energy. On a downgrade contrary 
conditions prevail, input rate being 
quite nominal and the total energy 
transferred large. 


POWER TRANSISTOR IGNITIONS 
— Higher efficiency automobile engines 
have placed heavy demands on the 
voltage available from ignition sys- 
tems. Greater spark gap lengths and 
higher compression ratios have raised 
voltage requirements throughout the 
speed range. Higher speed engines 
and the wider use of 8-cyl engines em- 
phasize the need for adequate high- 
speed performance from the ignition 
system. This need for either ultra- 
high voltage or ultra-high energies at 
the spark plug dictated the exploitation 
of the solid electronic switch — the 
transistor. 

A power transistor system would: 
(1) be rugged, (2) eliminate warmup 
time (no filaments), (3) operate di- 
rectly at 6, 12, or 24 volts, (4) operate 
over a wide range of battery voltages 
from cold starting to normal operating, 
and (5) permit miniaturized circuitry. 


NEW LOOK AT STIRLING ENGINE 
— A maximum theoretical performance 
per unit weight of working fluid in a 
Stirling cycle has been derived. This 
optimized output applies universally to 
all Stirling engines, irrespective of 
whether it is in the form of mechanical 
work for prime movers, heat elevated 
to a higher temperature level for heat 
pumps, or a cooling effect in refrigera- 
tors, as long as the main basic as- 
sumption of isothermal operation ap- 
plies. 

It has been shown that for given 
operating temperatures and clearance 
ratios an optimized geometrical layout 
applies, which fixes the phase angle 
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setting and the volume ratio of the two 
main working spaces. For rationally 
designed machines with optimized por- 
tions and phasing, the output is in all 
cases considerably more than that of 
corresponding symmetrical machines. 
This increase is particularly pro- 
nounced in refrigerators and heat 
pumps and may amount to several 
hundred percent. 


RATING DIESELS FOR HP, WEAR 
—A subcommittee of the SAE Engine 
Committee has proposed corrections to 
the SAE Diesel Engine Test Code in an 
effort to provide a more realistic 
method of correcting horsepower out- 
put of diesel engines. 

The basic correction method pro- 
posed is the constant air/fuel ratio 
method. This method is intended to 
determine the output under standard 
conditions when the fuel rate is ad- 
justed to maintain equivalent com- 
bustion conditions or exhaust smoke 
density. The method is based on the 
assumptions that the following exist 
at test and standard conditions: volu- 
metric efficiency is constant; com- 
bustion efficiency at a given air/fuel 
ratio is constant; friction horsepower 
is the same at test and standard con- 
ditions. 

The new CRC Diesel Engine Rating 
Manual is intended to furnish a uni- 
versal language for identification of 
diesel engine deposits and wear. Diesel 
engine pistons are evaluated for lacquer 
deposits by utilizing an area demerit 
basis and color gradations of brown 
and gray from clean to black. In 
studying various means for evaluating 
thickness and texture of deposit in oil 
systems, it was decided that the scratch 
gage developed by the CRC Engine 
Deposit Rating Panel of the CRC — 
Motor Engine Varnish and Sludge 
Group was suitable for diesel engines. 
A procedure for establishing a volume 
factor which furnishes a weighted in- 
terpretation of the deposit was created. 


BATTELLE RESEARCH—A few 
years ago Battelle initiated a research 
program aimed at devising a new and 
superior gas air-conditioning unit for 
residential use. The new unit was to 
be competitive in first cost with an 
electric air conditioner and have a 
significantly lower operating cost. Bat- 
telle concluded that an internal com- 
bustion engine combined with a vapor- 
compression-refrigeration system would 
provide the solution if an effective 
means of combining these two elements 
could be obtained. With an engine and 
compressor to combine, the logical 
choice was the free-piston engine. In 
keeping with the objectives of low cost, 
simplicity was stressed by the use of a 
single piston having a combustion 
chamber at one end and a compressor 
on the other end. The single-piston 
free-piston configuration shows prom- 
ise of providing low noise level and long 
life — key factors in the acceptability 
of residential air conditioning systems. 
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Battelle, in conjunction with Fair- 
banks, Morse and Co., have found that 
radioactive cylinders provide a valua- 
ble tool for wear research. The effect 
on cylinder wear that is experienced 
with variables such as starting, idle or 
cold temperature operation, sudden 
load changes, speed, torque, and such, 
can be determined easily and relatively 
inexpensively. Simultaneous data can 
be obtained on rings and cylinders, or 
other wearing parts of an engine 
through the use of different isotopes 
and pulse height analysis. Local areas 
may be monitored through selective 
irradition of the cylinder in conjunc- 
tion with pulse height analysis. 


FLUIDS — PUMPS AND SEALS — 
Hartford Machine Screw’s new Roosa 
Master fuel injection pump, Model DB, 
meets its objective of standardization. 
The pump is available with a single 
housing configuration that can be 


mounted either horizontally or ver- 
tically as demanded by economies and 
by installation provisions on various 
engines. The pump drive is arranged 
so that the driveshaft stays with the 
engine upon removal. This results in 
only one coupling being used between 
the engine and the pump. 
Development and research work in 
lip seals during the past two years has 
shown that production variables in 
seal manufacture and the lack of ade- 
quate inspection equipment for control 
of these variables is a primary cause 
for “leakers” which occur immediately 
or shortly after a product is put into 
service. In most instances an adequate 
design can be made and satisfactory 
operation can be attained for a ma- 
jority of seals in the same application. 
Those that do leak are perhaps less 
than 1% of the total, which in most 
cases can be directly attributed to 
physical characteristics resulting from 


--. guests at pre-dinner — 
get together... 





Here are 
some of the 
displays 
seen at the 
technical 


sessions... 


EXAMPLES OF DIF- 
FERENT TYPES OF 
TECHNICAL RE- 
PORTS and reference 
works. This display 
was part of a session 
sponsored by the SAE 
Publication Commit- 
tee, to show how to 
use the ideas and 
words that spark en- 
gineering action; and 
to get the data on 
which it is based. 
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MODELS OF VARIOUS TYPES OF 
POLYMER MOLECULES. Dr. H. 
F. Mark, who presented a paper 
on basic polymer concepts as ap- 
plied to automotive engineering, is 
shown here displaying one of these 
models, which represents a long- 
chain molecule. 


A WORKING MODEL OF THE 
STIRLING ENGINE. This model 
stirred up much interest when it 
was displayed in connection with 
a series of papers describing new 
developments and studies being 
made of this very old concept for 
a type of external-combustion 
engine. 


SCALE MODEL OF THE 
MODEL IV SHELTER 
designed for the BO- 
MARC missile was shown 
at the session at which 
a paper on launcher 
shelters for BOMARC 
was presented by R. V. 
Ostling and P. M. Kelly 
of Boeing. 


production variables such as lip diam- 
eter, lip pressure, and eccentricity. 


NUMERICAL CONTROL — Numeri- 
cal control is essentially a communi- 
cation system which allows flexibility in 
design engineering. Under such a sys- 
tem, dimensional data in the form of 
numbers is transferred from the origi- 
nal source to a media such as tape or 
cards, and used as instructions to a 
logic unit that operates a machine tool. 
Data processing is required for trans- 
lation of data when continuous data of 
the machine tool is necessary to pro- 
duce the defined shape, and is best 
performed by high-speed digital com- 
puters. Cutter center path, speeds, 
tolerances, and sequence are converted 
by the computer to the number or code 
used to actuate the machine. 

The computer makes many decisions 
which might otherwise be made by an 
operator, and thus reduces the likeli- 
hood of error. For example, it com- 
pensates for cutter geometry, generates 
detailed points on the cutter path, 
resolves feed velocity in components, 
programs slowdowns, generates parity 
check digits, and arranges information 
in control tape form. 


BODY CORROSION — Body corro- 
sion of passenger cars is an ever-in- 
creasing problem, especially because of 
the use of anti-icing materials on 
streets. 

American Motors has found use of a 
deep primer dip coating of their unit- 
ized bodies effective protection for in- 
side surfaces. Critical areas are further 
reinforced with an application of in- 
hibited wax. The deep primer dip 
coating under the fender-wheelhouse 
areas is reinforced with another spray- 
applied coat of the same material, 
which is then baked. The underfender 
are heavily sprayed with a layer of as- 
phaltic sealer. The whole wheelhouse- 
fender area is then sprayed with a 
heavy layer of asphaltic sound dead- 
ener. 

General Motors has run laboratory 
tests of steel panels, studying corrosion 
resistance. Their results indicate that 
lead contamination is consistently pres- 
ent in higher amounts on the surface 
of steel found to be most susceptible 
to corrosion when phosphated and 
painted. Further tests are necessary to 
determine whether this is the only fac- 
tor. 


SOUND REDUCTION IN PNIT 
BODY — Noise transmission is more 
critical in unitized cars than in conven- 
tional body construction. Chrysler met 
the problem in their “Unibody” as fol- 
lows: 

Engine noise and some drive line dis- 
turbances were controlled through im- 
proved isolation of the powerplant. 
The front engine mounts were changed 
to a vertical shear type employing large 
amounts of rubber. The rear engine 
mount was conceived as a coil spring 
in series with a rubber compression 
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THE PAST-PRESIDENTS 
ADVISORY COMMITTEE 

heard with interest 
ident Raymond's story of his recent European trip. He was welcomed by and talked before nine 


C Pres 


S: visited six Countries 


mount. Increased isolation was also 
provided in linkages and cables. Axle 
noise was brought under control after 
the development of improved suspen- 
sion isolation, resulting from increased 
use of rubber and a new technique in 
specifying the compounds of rubber 
parts. Body panels resonant in the 
road noise frequency range were treated 
to change the natural frequency with 
reinforcing bead or strainers, or to re- 
duce the amplitude with deadeners. 


NEW POLYMER APPLICATIONS — 
Engines, transmissions, and fuel sys- 
tems offer many interesting and intri- 
guing problems for the application of 
polymers. Here the main requirements 
are reversible and supple deformability 
over a wide temperature range, resist- 
ance against plastic flow, heat distor- 
tion, chemical degradation and solvent 
swelling. Phenolics, polyamides and 
fluoropolymers are now in use, in such 
capacities as fuel line tubings, gears, 
membranes, and gaskets. Better and 
less expensive materials will become 
available and the prospect is that there 
will be an increased use of polymers in 
the domain of the powerplant of a car 
in the near future. 


FUTURE ANTIFRICTION MATE- 
RIALS — Cermets and ceramics are be- 
ing considered for anti-friction bear- 
ings exposed to temperatures above 
1500 F. The cermets are cemented car- 
bides. Titanium carbide appears to be 
the most successful. Tungsten carbide 
is entirely unsuitable, because it oxi- 
dizes and flakes badly when exposed to 
air at high temperatures. Chromium 
carbide is sensitive to both thermal and 
physical shocks. Control of the size 
and shape during sintering is difficult, 
and diamond grinding is slow and ex- 
pensive. 

Ceramics for bearings are in the ex- 
perimental stage and likewise present 
problems in production and because of 
brittleness. The great differences in 
thermal coefficients between the cer- 
mets and ceramics as compared to shaft 
and housing materials present problems 
in design because of the possibility of 
races cracking on shafts or becoming 
loose in housings. 

It is inferred that the approach to 
the greaseless car lies in plastics. The 
most stable of all plastics is the fluori- 
nated version of polyethylene, poly- 
tetrafluoroethylene, more commonly 
known as Teflon TFE fluorocarbon 
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resin. Teflon, combining high tem- 
perature resistance and low coefficient 
of friction, is the outstanding candidate 
among the plastics when properly rein- 
forced or treated, to be designed into 
greaseless automotive bearing applica- 
tions. Also considered as bearing-type 
plastics are nylon, FEP fluorocarbon, 
and acetal resins which are tough and 
wear-resistant plastics. The latter two 
classes are in the development produc- 
tion stage at this time. All of these 
plastics have one property in common. 
They are all difficult to adhere to other 
substrata when adhesion is desirable. 
The importance of anti-stick is of 
prime importance in a bearing for dry 
or unlubricated applications because 
this results in little or none of the slip 
stick phenomenon. 


ONE FLUID FOR TRANSAXLES — 
Transaxles fluid development has 
passed the 75% point of engineering de- 
velopment to meet Corvair automatic 
transaxle requirements. Several speci- 
fications have been fully met — includ- 
ing antifoaming, wear resistance, lu- 
bricity, and volatility. When a final 
fluid is produced, it will no longer be 
necessary to seal off the axle and auto- 
matic transmission sections of a trans- 
axle. Transaxles for manual shift cars 
can now use one fluid because of less 
severe requirements. Currently, an 
SAE 80 multipurpose axle oil is used 
in conjunction with a phosphated ring 
gear on the manual shift transaxle. 

(As a result of tests conducted at the 
GM Research Laboratories, three min- 
eral-oil-base fluids and one synthetic- 
base fluid obtained from suppliers, and 
one additive-base stock combination 
blended at the Research Labs merited 
further investigation.) 

The major problem proved to be se- 
lecting e-p additives that provide ade- 
quate gear scoring protection without 
chemical attack on clutch plate facings. 
The testing direction taken was to 
come as close as possible to the actual 
operating condition that would be en- 
countered in yet-to-be produced Cor- 
vair Powerglide transmission. Fluid 
development is also being measured by 
Static friction tests to determine the 
effect of temperature on coefficient and 
the relation between static and sliding 
coefficient. 


EVALUATING DIESEL LUBRI- 
CANTS — Diesel lubrication evaluation 
problems are being solved by a variety 
of testing techniques. The Navy has 


A March SAE Journal article will report the highlights of his 


two types of unsolved problems in the 
exploitation of new high-output en- 
gines — piston pin lubrication and ex- 
haust port plugging. A Kinetic Oili- 
ness Test Machine and other bench 
test equipment is being used to de- 
termine the effects of specific zinc and 
phosphorus compounds on piston pin 
and bushing lubrication. And a study 
is also planned to determine whether 
a better solution can be found to the 
problem of reducing port deposits. 
(Navy has been using Series 3 oil in 
5 submarines for this purpose.) 

Laboratory bench test methods have 
been used by the California Research 
Corp. to evaluate the silver lubrication 
characteristics of crankcase oils. Cor- 
relation has been obtained between a 
silver strip corrosion test and silver 
connecting rod bearing weight loss in 
standard diesel engine tests. (Silver 
rod journal bearings operate princi- 
pally in the hydrodynamic lubrication 
region.) And, using the KOTM, a 
silver friction test technique was de- 
veloped that correlates well with silver- 
plated wrist pin bearing performance in 
one make of railroad locomotive en- 
gine. (Wrist pin bearings in 2-cycle 
engines usually operate under boundary 
lubrication conditions.) 

Thermal-oxidation stability test ap- 
paratus has been developed at the 
Southwest Research Institute to pro- 
vide industry with a reliable method of 
qualifying military gear lubricants. 
The apparatus predicted thermal-oxi- 
dation stability with good repeatability 
and field correlation. It was used, also, 
to isolate the effects of oxygen and 
temperature on the thermal-oxidation 
degradation phenomena. The appara- 
tus, which simulates field conditions, 
has a wide operating range with respect 
to temperature, gas metering and gear 
loading. 


SPACE-AGE FARM EQUIPMENT — 
The space age presents some interest- 
ing possibilities for improvement in 
farm machinery. Indications of evolu- 
tionary advances in farm machinery 
are apparent today; for instance, there 
is a newly announced tractor of high 
horsepower that is suited particularly 
to large acreage farms. This tractor 
permits the use of 8 to 10 bottom plows 
and 31-ft disc harrows. Such a ma- 
chine could be equipped with an ele- 
mentary automatic guidance system 
with relatively little effort. An addi- 
tional step in automatic guidance 
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Well attended, as shown above, was the 1960 
SAE ENGINEERING DISPLAY, which was the 
largest in SAE Annual Meeting display history. 
Although several companies wishing to display 
had to be turned away for lack of space, the 
move to Detroit's new convention center for 
the 1961 display is expected to ease this situa- 
tion. Present plans call for over 550 booths in 
1961 at the World’s Fair of Automotive Engi- 
neering! 


might represent a somewhat larger step 
into the future, and involve buried ca- 
bles, radioactive pills, or slugs of inert 
metal laid out in specific patterns. 

As agriculture moves toward com- 
plete mechanization the role of the 
worker will change to that of system 
supervisor. This change from manual 
labor to judgment and supervisory con- 
trol may not permit a reduction in 
mobility and the necessity of working 
in unfavorable environments, but will 
place a greatly increased emphasis on 
personal efficiency. Heat and dust are 
two major factors in reducing effi- 
ciency, and respirators and grin-and- 
bear-it do not provide an acceptable 
answer. The space-helmet type of per- 
sonal environment control consists of 
a light plastic cap with a transparent 
plastic face-shield. Attached to these 
is a light elastic fabric skirt which may 
be tucked under the wearer’s clothing. 
A knapsack-type pack contains a filter, 
cooling unit, battery pack, and two-way 
communicator. Earphones and micro- 
phone attached to the cap, and a flex- 
ible hose from pack to cap complete the 
assembly. 

In use, buttons on the pack can se- 
lect a few communicator frequencies 
and a simple on-off thermostat controls 
the cooling unit. Spent air from the 
helmet is discharged from under the 
neck-flaps about the wearer’s torso. 
The unit will, as far as possible, be de- 
signed to permit normal freedom of 
motion. The battery pack may be re- 
charged at any outlet or a retractable 
cord will permit operation of the unit 
from any farm equipment the wearer 
is running. 


JET GROUND PROBLEMS — The 
introduction of jet-type aircraft into 
the military supply system has further 
complicated airport snow and ice re- 
moval operations because of the high 
speeds at which planes land and be- 
cause of the jet engines’ performance 
characteristics. A jet pilot must rely on 
the plane’s brakes and wing flaps to 
bring it to a halt although some mili- 
tary jet aircraft use retarding chutes. 
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Since jets are unable to provide a re- 
verse thrust similar to that of propel- 
ler-type aircraft, the runway surfaces 
must be dry and skid-proof. It isn’t 
permissible to utilize sand, salt, or 
chlorides to provide a non-skid surface 
and to melt the ice because of the cor- 
rosive and abrasive effect these mate- 
rials have on the planes and their jet 
engines. Not only must the runway be 
ice-free for landings but also for take- 
offs. The runway surface must provide 
resistance to prevent wheel slippage 
during engine warmup. 

Towing tractors for airplanes of the 
Boeing 707, Douglas DC-8, and Convair 
880 weight class are required to operate 
under the reduced coefficients of trac- 
tion common with snow and ice. They 
also must be a compromise “least ob- 
jectionable” to the airlines in the in- 
terests of economy. After study of 
specifications prepared by various air- 
lines and discussion with airlines’ en- 
gineering and operations people, it was 
decided that the compromise tractor 
for these jets should have: gasoline 
power; 4-wheel drive (2-wheel drive 
option); 4-wheel steer (2-wheel and 
crab steer option); 30,000 lb static 
drawbar pull on a concrete surface; 
torque converter and power shift trans- 
mission; road speeds to 18 mph; 10,500 
lb drawbar pull at 5 mph and 5500 lb 
drawbar pull at 10 mph; 37.5 kva power 
unit compartment; maximum height of 
60 in. without cab; maximum height of 
88 in. with cab; maximum width of 96 
in.; and a maximum length of 220 in. 


MAINTENANCE MANAGEMENT — 
A tool of strong management is “organ- 
ization.” The better this tool is, the 
easier it is to do the job. Strong man- 
agement or organization — for a main- 
tenance man—begins by tying re- 
sponsibility and authority together 
throughout the department, from the 
truck on up. Until the fleet superin- 
tendent can assume more responsibility 
in the overall transportation picture, 
fleet costs can hardly be trimmed as 
effectively as future business conditions 
will surely demand. 

One way of doing this is to set up an 
Operations and Maintenance Depart- 
ment, with the responsibility of rear- 
ranging the procedure of maintenance, 
retooling the shops as needed, building 
new shops in some cases,“and remodel- 
ing shops in others. Such a depart- 
ment would permit standardization of 
procedures and put maintenance on a 
production line basis. This depart- 
ment can suggest design changes for 
new vehicles, avoiding recurrence of 
problems found in old vehicles. 

Manpower remains the key, however. 
The rapid development of the trucking 
industry has brought new specifica- 
tions, new products, intricate compo- 
nents, and the need for more accurate 
fits and adjustments. The tools and 
shop equipment have become more 
complex. Today a good mechanic must 
have a high degree of know-how. In 
a modern shop highly skilled men are 


needed as diagnosticians, engine re- 
building machinists, electrical special- 
ists. The days of the grease monkey 
are over and management must realize 
it. 


AIDS TO PRODUCT QUALITY — 
The quality of products produced by a 
manufacturing concern depends to a 
large extent upon the quality attitude 
of all employees and their desire to do 
the job right the first time. Thus it is 
in the best interest of any concern to 
develop to the fullest a proper quality 
attitude on the part of all its employ- 
ees. 

Harrison Radiator Division of GMC 
strives for better quality through im- 
proved communications with employees 
and recognition of accomplishments 
made. Displays are set up throughout 
the plants which give examples of good 
and poor quality. Progress curves are 
prominently exhibited to show quality 
improvement. Employee incentives in- 
clude merchandise and monetary 
awards, quality plaques and banners, 
and quality award luncheons. 

Research tools, too, can go a long way 
toward providing better products at 
lower cost. Michigan Tool Co., a me- 
dium-size company, uses such tools as: 
an angular interferometer to check in- 
dexing tables and indexing plates; a 
high-speed camera which permits slow- 
motion observation of machining oper- 
ations; vibration checking equipment 
for checking motors, spindles, and the 
like; metallurgical control equipment for 
quality control of tool steels; and strain 
gages to assist in designing machines 
and perishable tools. 


ENGINEERING LITERATURE — 
The selection of outstanding literature 
in the field of automotive engineering 
is complicated by the very nature of 
that subject. A personal library for the 
automotive engineer would have to 
cover the fields of mechanical engineer- 
ing, electrical engineering, physics, 
chemistry, mathematics, and metal- 
lurgy, as well as his own specialized 
areas. 

The company or public library must, 
therefore, be a constant source of in- 
formation for the engineer. The li- 
brary is a place where he can obtain 
answers to specific questions, study and 
examine current literature in both his 
own and allied fields so as to orient his 
own activities with those of his fellow 
engineers, and review the works of the 
ancients. 

Library research is but one part of 
the preparation of a good technical re- 
port. To get results from every report 
he writes, an engineer must: (1) choose 
the action he wants the reader to take, 
(2) select an approval-getting sum- 
mary, (3) write the report in terms that 
will get fast approval, (4) arrange the 
report for easy reading and use, (5) 
verify facts, English, and presentation, 
and (6) deliver the report to his supe- 
riors in such a way that it gets full at- 
tention. 
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SAE 


Engineering 


Students... 


For complete address, write: 


SAE Placement Service 


485 Lexington Avenue 


New York 17, N. Y. 


Telephone: 
OX ford 7-3340 


Assumption University of Windsor 


Ontario — R. M. EAGEN,** ME ’63 — Desire 
work in automotive or allied field with op- 
portunity of gaining practical engrg. ex- 
perience 


Bradley University 


St. Louis—-CRAIG POLLARD, BS ’62— 
Seek summer employment with a company 
doing research & testing of automotive com- 
ponents. 


Open — D. B. ROSINE, BS ’61 3 yrs ex- 
perience as truck & bus mechanic. Very in- 
terested in construction, operation & mainte- 
nance of these vehicles. Would like especially 
to get into Diesel engine construction & 
maintenance 


California Institute of Technology 


Boston—J. D. CROSSMAN, ‘62 — Desire 
practical work in mech. engrg. field to sup- 
plement my education 


Open —H. G. HARTUNG, BS ’60 — Seek 
summer job to gain experience in engine 
(any kind) design; major subjects design & 
thermodynamics; will get Master’s Degree 
in '61. 


California State Poly. College 


Denver, Calif.—J. F. NIELSEN, BS ’61— 
Experience in automotive field. Desire place- 
ment in research along these lines. 


L. A. or San Fernando Valley J. D. SE 
WELL, BSME '61— Seek summer job as 
mech. engrg. draftsman. Have had experi- 
ence. 


West Coast F. W. MAYHEW, BSME ’61 — 
Would like experience in product sales dept. 
of engrg. firm. Have some sales & public re 
lations experience. 


Calif., Nev., Ariz.—J. 8S. ARNOLD, BSME 
’61— Desire summer job that could lead to 
permanent position as design engr. 


Los Angeles — HENRY HANSER, ’61 — De- 
sire connection leading to career in heavy 


construction. Have some engrg. experience. 


So. Calif.— R. E. NELSON, ME ’61 — Have 
had some experience in rocket motor testing 
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seeking summer employment in 1960 


Location desired in bold face type. 


* available April ’60. 
** available May ’60. 
others available in June ’60. 


& would like employment that would lead to 
a permanent position as a rocket engine test 
engr. upon graduation. 


L. A., Pasadena — JOHN HAYASHI, BS ’61 
Would like job which will give me experi- 
ence in my field of mech. engrg. Would also 
like to know of opportunities for a graduate 
M.E 
WOODS, BSME ’61 Desire 
summer job in the oil industry. Previous 
summers include field work in production, 
drilling & exploration depts. 


Calif.— R. L. 


Pasadena, L. A.— J. H. ALLISON, BS ’62 — 
Have no previous experience but would like 


to break into any mechanical engrg. field. 


Carnegie Institute of Technology 


Cleveland or Pittsburgh — PETER NOBLE, 
BSME ’61— Desire summer job with firm 
doing aviation devel. work especially in the 
field of commercial aircraft. 


City College of New York 


West Coast—STEVE SHEPARD, BME ’61 

Most interested in eventually doing engrg. 
writing in field of thermodynamics as ap- 
plied to missiles & rockets. Currently co- 
editor of VECTOR, CCNY engrg. magazine. 


Open — MICHAEL KESTENBAUM, BME ’61 
— Prefer summer job in some phase of metal- 
lurgy 1 summer’s experience in metallurgy 
working for USA Ordnance Corps in Indus 
Processes Unit, Watervliet Arsenal. 


Detroit Institute of Technology 


Detroit R. V. SCHNEIDER, BSME ’61 
Desire summer job with mfg. co. Am inter- 
ested in position that will give me experi- 
ence which can be applied toward work as 
Mfg. Supervisor. 


Ecole Polytechnique 


Montreal — "AUL 
RBASe ‘62 
metallurgical 
(metallurgy). 


COBETTO,** P. Eng./ 
Would like to gnin experience in 
field. Am in 3rd yr. engrg. 
Will consider relocation. 


Montreal — CORBEIL GILLES,** ’63 — Seek 
summer job in aircraft industry with view 
toward acquainting myself with various de- 
sign & special ballistics problems. 


Hamilton — HUBERT D’AMOURS,** Met. E. 
'62 — Seek experience in summer job. 2 sum- 
mer jobs in Mines Mills indicated I like to 
be with workers. Interested in working with 
metallurgists. Speak English/French. 


Montreal — F. E. MORISSETTE,** BScA ’61 
— Interested in Admin. Engrg., Sales Engrg. 
Worked during summers as estimator & asst. 
to sales district engr. 


Open — J. G. LORRAIN,** '62 — Want a job 
which might give me practical experience in 
automotive engrg. Some experience in steel 
work last summer. 


Open — CLAUDE BORDELEAU,** ’62 — Seek 
job which would give me a chance to learn 
well, work hard, & make my employer inter- 
ested in hiring me again next summer. Most 
interested in eventual work in Admin. Engrg. 


Fresno State 


Western U.S.— R. M. SHAWL, BS ’61 -- In- 
terested in any type automotive work. Hope 
to become automobile dealer. 


Georgia Tech 


Macon/Atlanta, Ga.—D. C. PROCHAZKA, 
BSME ‘’62— Desire summer job in some 
phase of mech. engrg. preferably automotive 
but also interested in other aspects. 


University of Illinois 


Detroit ROBERT WILK, BS ’61 — Prefer 
position which necessitates ingenuity & re- 
sourcefulness with the possibility of travel. 


Chicago or so. suburbs-—-DENNIS DE- 
LAURA, °62— Desire connection leading to 
position in automotive or diesel engrg. 


Lawrence Institute of Technology 
Detroit — W. E. McHALE, BSEE ’61 — In- 
terested in gaining experience as an Admin. 
Engr. 


’61 — Desire 
first step in 


KRAUSE, BS 
might be 


Detroit— D. R. 
summer job which 
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* available April ’60 


equipping me for responsible work as elec 
trical engr. 


Royal Oak, Detroit — D. I. VAN BLOIS, EE 
"61 Am interested in summer job dealing 
with electronics. Prefer research work. Have 
4 summers of work in radio & television re- 
pair business 


ME ’61— De 


systems of 


ABBEY, 


Suspension 


Los Angeles JON 
sire work dealing in 
automobiles, or styling of body parts 


Loyola University 


BEYERLE, BS ’61 
research & design. 
college leading to 


Les Angeles area ce & 

Very interested in aero 
Have completed 4 yrs of 
BS in Mech. Engrg 


Manhattan College 


Neo. N. J./N. Y. C. J. J. BLASS, BS '62 
Seek summer job with machinery mfg. co. 1 
summer job has provided some practical ex- 
perience 


N. ¥. area ANTHONY CAVALLI, BSME 
"62 Seeking job which would lead to posi 
tion as an automotive engr. after graduation. 


New York W. G. BURGER, BME ‘61 In 
terested in gaining experience in engrg. field 
especially in the automotive industry or 
aeronautics 


University of Maryland 


Baltimore — M. D. STREAKER, BSCE '61 
Interested in public relations & desire indi 
vidual responsibility. Experienced in the 
field of mech. engrg Details of previous 
experience available. 


McGill University 


Seek 
gasoline 


KALAU,** BME ‘61 
summer employment in diesel or 
engine design Some practical experience 
provided by previous summer work. 


Montreal R. G. 


Michigan College of Mining & Technology 


Michigan REINER DENISON, BS ’62 
Seek summer employment that will 
spond with Automotive & Machine 
options in Mech. Engrg 


corre 
Design 


Missouri School of Mines 


St. Louis area D. F. MARKEL, BS ’62 
Seek job which will use my math. & drawing 
education & give practical experience for a 
Mech. Engr 


HOPKINS, BSME ’61 
for future in In 


St. Louis area N. R 
- Prefer work to prepare 
dustrial or Admin. Engrg. 


Open — ROGER ECHELMEIER, BS ‘61 
Seek opportunity in sales & 
with plans of eventual work in 
Engrg 


management 
Admin 


New York University 


New York MICHAEL OSTRELICH, ME 
"61 — Desire position in field of electrome 
chanics specifically in computer research & 
devel. or servomechanisms Have arranged 
curriculum to complete courses of major in 
terest by June Employed part time for 
Mech. Engrg. Research Dept. of NYI 
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* available May '60 


Northrop Institute of Technology 


Los Angeles area MANUEL ESCALANTE, 
JR., BS Aero. Elec. Major, Dec. 60 — Desire 
part-time job with co. mfg. electronic com- 
ponents. Most interested in semiconductors. 
Seek job which might be helpful as a future 
Electronic Engr 


Los Angeles J. A. GARCIA,* EE '60 — Seek 
part-time job with co. in electronic field 
which may equip me for responsible work as 
in Electronic Design Engr 


Northwestern University 


SHINEFLUG, BSME & 
complete my work in 
graduate school of business admin. & desire 
a summer job with mfr. of diesel engines. 
Have 4 yrs experience in fuel injection 


Chicago Ww H 
MBA ‘60 Plan to 


Ohio State University 


Dayton, Springfield, Ohio area — 
J. W. PAUL, BME ’61 Seek summer work 
with automotive or aircraft co Interested 
in high speed internal combustion engines & 
prefer job which may lead to a supervisory 
or managerial position as opposed to iso- 
lated design 


Columbus, 


States T. T. CODDING- 
Seeking a summer job in 

Have previously worked 
in the engrg. drawing dept. 


N. East Central 
TON, BSME ‘61 

mech. engrg. field 
as a student asst 


Oklahoma State University 


Open RICHARD KRIVY, ’61 Seek 
which might be first step in equipping me 
for responsible work as Design Engr. In 
terested in safety aspects. Auto. Mechanic 
Wrote 12 page research paper on “Automo 
tive Design for Safety.” Have experimented 
with some of my own ideas 


job 


CRIBBS, BS ’61 Seeking 
stress analysis or 


Midwest Jd. D 
summer employment in 
design 


Penn State University 


HESTON, 
position as a 


BSME ’61 
design engr 


Open dD. J Desire 


work leading to a 
BSEF ‘62 


Los Angeles D» R. WEISEL 
Desire summer job in an electronics lab 


Harrisburg & York, Pa. J. H. HARLOW, 
JR., BSME '62 Desire summer job with co 
dealing with some type of automotive engrg 
Have had some practical experience 


University of Pittsburgh 
Pittsburgh area J. P. HESS,* ’62 Most 
interested in being a lab or technician 
in order to gain experience. Also interested 
in draftsman work & have 1% yrs experience 


asst 


Near Pittsburgh J. R. ECKELS,** ‘61 
Have had light experience in various steel 
making processes, garage work, & other fields 
having little to do with auto. engrg. Desire 
a summer position which would offer the 
most practical experience in basic engrg 


BSME 
lead to 
Have 
auto 


Pittsburgh J. R. DOUGHERTY,* 
61 Desire summer job which will 
future position in automotive field 
had 4 experience with an 
parts co 


summers’ 


BECKER,** BSME 
either automotive 


West or Midwest S. A 
*61— Seek summer job in 


others available in June 60 


or aero. field. Most interested in work on 
prime movers or propulsion equipment. Pre- 
vious summer experience with gas turbines. 


Pittsburgh district— R. S. ZIELES,* ‘61 — 
Seek a job which might be the first step in 
equipping me for a position in power pro- 
duction engrg. & in diesel engrg. design. 


Pittsburgh —J. A. OTT,* BS ’61 — Desire 
summer work in any type Mech. or Indus 
Engrg. that could lead to a permanent con 
nection. Prefer work which could lead to 
management position later in life 


Pittsburgh JERRY GORDON,* BSME ’61 
Seek summer job to gain experience in re 
search or design work. 


Pittsburgh L. L. SCHNEIDER,* BS '61- 
Desire a summer job which would equip me 
with a basic understanding of design engrg 


—H. L. KANESS, JR.,* BS ’61 
Admin. Engrg 


Pittsburgh 
Most interested in 


Polytechnic Institute of Brooklyn 


New York State—L. J. SPADACCINI, ME 
"62 Seek summer position which might be 
first step to eventual work in Admin. Engrg 


Purdue University 


Indianapolis, Chicago area— J. A. CIESAR, 
BS "62 Seek experience in original research. 
This will supplement my background in 
preparation for graduate study. 


Ohio-——M. F. MILLER, ‘62 — Interested in 
job which will further my experience in field 
of design 


Chicago or Detroit H. C.: HASSEL, ‘62 
Seek job which would be first step in pre 
paring me for future work as an automobile 
designer (stylist) 


or Calif.— L. W. McGLADE, 
BSME ‘60 Entering U. of Iowa next yr for 
Masters degree in Bus. Ad. Seek summer 
job in automotive or earthmoving field in 
automotive engrg., purchasing or personnel 
management. Top 35% of class. Have taken 
ICE & Diesel engine courses as tech. elec 
tives. 2 summers’ experience Asst. Shipping 
Mer. for paint co 


Central U.S. 


San Jose State College 


San Francisco Bay area ALEX DANKS, 
BS (Aero.) '61— Seek summer job with air 
craft mfr., airlines or aircraft repair service 
which will lead to permanent position. 


University of Saskatchewan 


No. Canadian Prairies or B. C. i 
PEARSON,* '61 Would like employment in 
smelter or design of smelting operations 
Interested in metallurgy & metallic alloys. 


Stevens Institute of Technology 


Met. area— HARVEY FRIEDMAN, 
Seek summer job which would give 
mfg. or indus. research or 


ie. We 
ME ‘62 
me experience in 
in indus. engrg. 


Continental U.S., preferably N. Y. C. M. A. 
JACKSON, ME or BE ‘62 — Desire position 
in which I may gain experience in Tech. Il 
lustration (private co. or publisher) &/or 
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packaging design & if possible, near auto- 


mobiles. 


N. ¥.-N.J. Met. area—ALFRED KUEHN, ’61 

-Am interested now in sales & eventually 
in Admin. Engrg. Very interested in work- 
ing with people (public-human relations). 


Texas A. & M. 


Dallas, Tex.— R. W. BURTON, BSME ’61 — 
Interested in admin. or sales engrg. & enjoy 
working with other people. 


Houston area—F. B. HUDSPETH, ME ‘61 
Seek summer job with firm concerned with 
lab. engine testing. 


University of Washington 


Northwest — P.G. CLARK, BSME ‘60 — Seek 
summer job with design or testing section 
Going to graduate school in Fall of 1960. 


Wayne State University 


Detroit area— K. H. TOKEN, BSME .61— 
Desire connection leading to position in auto- 
motive industry, preferably in design or de- 
velopment 


Detroit— PAUL COLANDREA, EE ‘61— 
Seek summer job connected with use of elec- 
tronics in automotive research, testing or 
production. 3 yrs experience in military 
service as electronic technician. 


Detroit area-— J. F. HILL, BSME ’'61 — De 
sire position which will provide background 
in mfg. equipment & processes. Would like 
a position which will helpful in selling 
metal processing equipment. 15 mos. experi 
ence detailing, illustrating & minor layout of 
truck special order equipment & accessories. 


bre 


Detroit — DAVID ROBINSON, ME ‘63 — In- 
terested in product layout drafting or heavy 
detailing job. 3 yrs experience 


Detroit area P.G. HENDRICKSON, BSME 
‘61 — Desire job leading to position in in 
ternal combustion engine design or design of 
its component parts. Have worked for Vick 
ers doing layout & detailing of hydraulic 
power units 

Detroit —- NICK PAMPHILIS, BA ‘61 Pre 
fer to work with power plant factories in 
diesel engrg. design or in any place dealing 
with heat & power. Of course, any engrg. 
job will be acceptable 


SCHAFRANEK, ’'61— 
(mechanical), 


Detroit EUGENE 
Am a senior in college of engrg 
graduating in Feb. ’61 


Open—R. J. BARFKNECHT, ‘61 Desire 
summer employment in research or dev 
Mech. Engrg. Senior with eye towards MS 
in Engrg. Mechanics. 3 summers engrg 
ex perience. 


University of Wisconsin 


Open — J. A. UDKLER, BSME 
summer job in aircraft field. 
interested in helicopter work. 3% yrs heli 
copter maintenance experience in USAF & 1 
yr of general aircraft work as civilian. 


"61 Prefer 
Particularly 


Open —C. M. TORAASON, BSME ’61 — De- 
sire summer job that will give me experience 
in field of design & development of LC. en- 
gines. Will be second semester senior in 
spring of '60. 
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SAE 


Student Branch 


Officers 


1959-1960 


Academy of Aeronautics 


Chairman 
Vice-Chairman 
Secretary 

: Treasurer 
Faculty Advisor 
75th Place, Mid- 


John M. Csady 

Frank M. Covino 
Robert B. Helbit 
James B. Doherty 
Albert J. Feil 
Address of Secretary : 
die Village 79, N. Y 


6114 


Aeronautical University 


Webb, Jr. 
McAlexander 


Stilke 


. Chairman 
Vice-Chairman 

{ Secretary 

| Treasurer 
Faculty Advisor 
South Manfield 


Robert E 
William 


William 
K. L. 


Address 
Avenue, Chicago 44, 


Burroughs 
of Secretary: 
Ill 


Agricultural and Mechanical 
College of Texas 


Edward C. Sarils 
M. C. Franke 
Tyrone W. Phillips 
Robert L. Kennedy . coscese SwGRSuSSr 
Prof. W. I. Truettner . Faculty Advisor 
Address of Secretary: Box 2388, College Sta- 
tion, Texas 


Chairman 
Vice-Chairman 
Secretary 


Bradley University 


Chairman 
Vice-Chairman 
Secretary 

.. Treasurer 
Faculty Advisor 
Cooper, Peoria, 


Vernon 
Garner 

David Kristo 

Clark Barker 

Prof. Max Wessler 
Address of Secretary 
Il 


Ed. 


839 N 


University of British Columbia 


Donald Strang 

Peter Koch 

Glen Lewis .. 

Myles Sterling ote 
Prof. T. L. Coulthard 
Address of Secretary: 
North Vancouver, B. C 


Chairman 

Vice-Chairman 

Secretary 

Treasurer 

Faculty Advisor 

230 E. Keith Rd., 
, Canada. 


POGUOOODOTODGAEUOAAUA OUD DEEEEOUA TUTTE 


COUUUEEUEGE DOPED 


California Institute of Technology 


Chairman 

{ Secretary 

| Treasurer 

Faculty Advisor 

2048 LaFrance Ave., 


Robert Norton 


Bruce Eglington 

Alan J. Acosta 
Address of Secretary: 
So. Pasadena, Calif. 


California State Polytechnic College 


Paul N. Price 
Winslow M. Moore 
Leonard R. Vancott 
Richard 8S. Shaw 
Richard T. Kombrink 
Address of Secretary: 
Luis Obispo, Calif. 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 
Faculty Advisor 
Santa Lucia, San 


Carnegie Institute of Technology 


Alvin Albright 
William Feige 


Donald J | Treasurer 
Dr. William F. Hughes Faculty Advisor 
Address of Secretary: General Delivery, Car- 
negie Institute of Technology, Pittsburgh 13, 
Pa. 


Chairman 
Vice-Chairman 


Just § Secretary 


Case Institute of Technology 


A. Urban 
Schuster 
Isoma 


Chairman 

Vice-Chairman 

Secretary 

.... Treasurer 

Faculty Advisor 

Pardee Dorm, Case 
Cleveland, Ohio. 


John 
Dan 
George 
Bob Mentzer 

R. E. Tome eee 
Address of Secretary : 
Institute of Technology, 


Chrysler Institute of Engineering 


John McPherson 
William Yerkes 
Charles Bach 
Art Hesskamp 
W. J. David Dean Faculty Advisor 
Address of Secretary : 80 Massachusetts Ave., 
Highland Park 3, Mich. 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 
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University of Cincinnati 


Chairman 
Vice-Chairman 
Secretary (Sec. I, II) 
Treasurer (Sec. I) 
James Peters .. Treasurer (Sec. II) 
Charles Oligee a Faculty Advisor 
Address of Secretary: 520 Howell Ave., Cin- 
cinnati 20, Ohio. 


F. Donald Maddox 
John Savage 

Zane Oaks 

Fred Krach 


Clemson Agricultural College 


Chairman 

; Vice-Chairman 
Secretary & Treasurer 
.. Publicity Chairman 
Faculty Advisor 

sox 17, Donalds, S. C. 


Thomas E. Waldrop 
Joel M. Jordan 
Thomas 8S. Uldrick 
Furman H. Martin III. 
Prof. A. D. Lewis 
Address of Secretary : 


College of the City of New York 


Officers not available at this time. 
Faculty Advisor 

the City of New 

Ave., New York 


Lawrence W. Hem . 
Mail Address: College of 
York, 140 St. & Amsterdam 
21, N. Y. 


Prof 


Cornell University 


Thomas Kempster 
William Watkins 
Fred Smith 
Steve Failla 

Prof. George DuBois Faculty Advisor 
Address of Chairman: Thomas Kempster, Up 
son Hall, Cornell University, Ithaca, N. Y. 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 


University of Detroit 


Stanley Chocholek 
Carl Pace 


Chairman 
; Vice-Chairman 
Louis Calvisi Secretary-Treasurer (Sec. A) 
Roger Schaller. .Secretary-Treasurer (Sec. B) 
Richard J. McHugh Faculty Advisor 
Address of Secretary: Roger Schaller, 11447 
Sanford, Detroit 5, Mich. 


Detroit Institute of Technology 


Robert Walters 

Karl Straky 

Adam Thiny 

Clement Roberts 

K. L. Wheeler 

Address of Secretary 
Harper Woods 36, Mich. 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 

Faculty Advisor 
18787 Roscommon 
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Ecole Polytechnique 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 
Faculty Advisor 
Cuvillier, Mon- 


Guy Perreault 

Louis Morin 

F. E. Morissette 

L. A. Lehoux 

M. Poupard 

Address of Secretary 
tréal 4, Québec, Canada. 


2605 


Fenn College 


Alfred B. Cinch 

Bruce Groves 

Fred J. Kiener 

Edward Houry 

Prof. Dwight L. Penney 
Address of Secretary 
nue, Parma 29, Ohio 


Chairman 
Vice-Chairman 
Secretary 
Treasurer 
Faculty Advisor 


9208 Pinegrove Ave- 


General Motors Institute 


A Section 


Marshall Chairman 
Vice-Chairman 
Secretary 
Treasurer 
Faculty Advisor 


Edward D. 
Larry Hill 
Joseph Kaczmarek 
Constantino Rosini 
K. F. Lehman 


B Section 
Chairman 
Vice-Chairman 
Secretary 
Treasurer 
Faculty Advisor 
Secretary for both A and B Sec 
Motors Institute, Flint 2, 


Carmen Z. Heiser 

Edward J. Orlett 

Joseph Kaczmarek 

Raymond L. Crosby 
J. B. Bay 
Address of 
tions: General 
Mich. 


Georgia Institute of Technology 


Chairman 
Vice-Chairman 

{ Secretary 

| Treasurer 

Faculty Advisor 

sox 60 Tech, 


Harry Sugden, Jr. 
Richard Dietrich 


J. Chris Schwanebeck 
R. L. Allen 

Address of Secretary 
Atlanta, Ga. 


Georgia 


University of Idaho 
John T. Baker . 


Don Freshwater 
Ray Cranston 


Ernest 


‘ Chairman 
Vice-Chairman 

Publicity Chairman 

{ Secretary 

| Treasurer 

. Membership Chairman 
Program Chairman 
Faculty Advisor 
west “" &.. 


Simpson 


Gerald Rohwein 
Gary Dau 

William P. Barnes 
Address of Secretary: 
Moscow, Idaho. 


' SO4 


University of Illinois 


David Prescott 

Don Huffaker 

Paul Payne 

Linn Peterson 

Prof. S. R. Davis . ; 
Address of Secretary: 
Urbana, Il. 


Chairman 
Vice-Chairman 
Secretary 

... Treasurer 
Faculty Advisor 


1004 West Oregon, 


Indiana Technical College 


Chairman 
Vice-Chairman 
Secretary 

Treasurer 

Faculty Advisor 

2143 E. Du Pont Rd., 


Jan Smith 

Ted Lake 

George Till 

Jerry Denton 

Howard A. Macklin 
Address of Secretary: 
Ft. Wayne, Ind 


Lawrence Institute of Technology 


Arthur H. Badger 
Richard Frye 
John E. Proctor 


. Chairman 
Vice-Chairman 

} Secretary 

| Treasurer 
Faculty Advisor 
Albany, Ferndale 


Kenneth Snoblin .... 
Address of Secretary : 
20, Mich 


1327 


Loyola University at Los Angeles 


Chairman 
Vice-Chairman 
Facuity Advisor 
Hillside Drive, 


C. Robert Beyerle 

Martin Gilligan 

Joseph Callinan ae 
Address of Chairman: 1555 
Glendale 8, Calif 


Marquette University 


John Dwyer 
Michael Garland 
Thomas Biesiadny 
John Rutt ‘ ; 
Prof. R. EF. Harloff 
Address ‘of Secretary 
waukee, Wis 


Chairman 
Vice-Chairman 
secretary 
Treasurer 
Faculty Advisor 


2561 N. Pierce St., Mil 


Massachusetts Institute of Technology 


Officers not available at this time. 
Prof. C. F Faculty Advisor 
Mail Address of Tech., Cambridge, 
Mass 


Taylor . 


Mass. Inst 


University of Miami 


; Chairman 
Vice-Chairman 

. Secretary 

: Treasurer 

‘ Faculty Advisor 
1627 S.W Miami 


Myron Burbidge 
Vernon B. Rigdon, Jr 
Bill H. Keller . 
Joseph M. Freidberg 
Prof. John D. Gill 
Address of Secretary 
15, Fla 


20 St., 


Michigan State University 


Chairman 
{ Vice-Chairman 
| Secretary 
John Nolan c2esen meer 
Prof. L. L. Otto .... Faculty Advisor 
Mail Address : Michigan State University, Dept. 
of Mech. Engrg., E. Lansing, Mich. 


Db. C. Sehroeder .. 


B. I. Hanna 


University of Michigan 


Jack Larson ‘ 
Curt Fischbach .... 
Carl A. Bisio ‘ Treasurer 
Prof. Wm. Graves Faculty Advisor 
Address of Secretary: 2869 Dayton Dr., Ann 
Arbor, Mich 


Chairman 
Secretary 
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Michigan College of Mining 
& Technology 


Paul Mahoney Chairman 
Jack Thon Vice-Chairman 
ED - sévecksees or twee Secretary 
Phil Masse Treasurer 
Robert Darovich Program Chairman 
Prof. E. W. Niemi Faculty Advisor 
Address of Secretary : 434 Lovell Rd., Hough- 
ton, Mich. 


Missouri School of Mines 
and Metallurgy 


Chairman 
Vice-Chairman 
Secretary 


Bob Powers 
David Markel 
Robert Boschert 
Gene Scofield Treasurer 
James A. Jones Faculty Advisor 
Mail Address: M. E. Dept. Missouri School of 
M & M, Rolla, Mo. 


New York University 


David T. Sutherland .... 

John Remen Snyder . 

Michael Ostrelich 

Gilbert Zweig ; 
Address of Secretary: 354 W. 
York 25, N. Y. 


. Chairman 
Vice-Chairman 
Secretary 

.. Treasurer 
110 St., New 


Northrop Institute of Technology 


John M. Mardesic 
Ned Engeman 
Mel Navone 

Dave Cooke Treasurer 
Morris Kramer Faculty Advisor 
Address of Secretary : 3636 W. Imperial Hwy., 
Apt. 134, Inglewood, Calif 


Chairman 
Vice-Chairman 
Secretary 


Ohio State University 


James W. Paul .. 
Ivor Dangoor 
Donald E. Mandry 
Thomas Coddington .. Treasurer 
Carl H. Wolgemuth Faculty Advisor 
Address of Secretary: 1935 Indianola, Colum 
bus 1, Ohio 


Chairman 
Vice-Chairman 
Secretary 


Oklahoma State University 


. Chairman 
Vice-Chairman 

j Secretary 

| Treasurer 
Faculty Advisor 
University Ave., 


Wayne Cave .... 
Steve Church 


Richard Gerlach 


Bert 8S. Davenport 
Address of Secretary: 
Stillwater, Okla. 


1207 


University of Oklahoma 


Donald R. Geis 
Noel T. Smith .. 


Harold R. Couch 


Chairman 
Vice-Chairman 

j Secretary 

| Treasurer 
Faculty Advisor 
Norman, 


E. M. Sims .. 
Address of Secretary: 
Okla. 


sox 2365, 


Oregon State University 


Erle Preston 

Ronald Householder 

David Blomquist 

W. H. Paul TT 
Address of Secretary: Mines 
State University, Corvallis, Ore. 


Chairman 
Vice-Chairman 
Secretary 
Faculty Advisor 
Bidg., Oregon 


Parks College of Aeronautical 
Technology 


Chairman 
Vice-Chairman 
Secretary 


Richard Cooper 
Charles Kimball 
Joseph Mulligan 
Gordon Quinn Treasurer 
Jack Hessburg Faculty Advisor 
Address of Secretary : Box 386, Parks College, 
E. St. Louis, Il. 
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Pennsylvania Military College 


Sheldon Schwartz 
Thomas R. Finley 
Joseph M. Wells 
Larry D. Doughty 
William C. Porter 
Address of Secretary : 
mont Park, Pa. 


Chairman 
Vice-Chairman 
Secretary 

Treasurer 

Faculty Advisor 

103 Haverford Rd., Mil- 


Pennsylvania State University 


Stanley Bryan Smith 
Raymond M. Koper 


James W. Smiley 


Chairman 

Vice-Chairman 

§ Secretary 

| Treasurer 

P. B. Lovett . Faculty Advisor 

Address of Secretary : 3 Hamilton Hall, Penna. 
State Univ. ; University Park, Pa. 


University of Pittsburgh 


Robert Frank 

Joseph Giunta 

Robert Bubash 
Nicholas Scheid 
Joseph Kwolkoski } 
Thomas Eberhart { 
Theodore Mishtal ... Faculty Advisor 
Address of Secretary: Middlecrest Drive, Alli- 
son Park, Pa 


Chairman 

Vice-Chairman 

bevhede es newokee ae Secretary 
Treasurer 


Program Chairmen 
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ft and structural changes were made 
to make the fence more frangible. 

A louvered type of fence is now re- 
quired for terminal aprons to: 


e Divert the blast upward. 

e Avoid turbulence at adjacent gates. 

e Preclude chances of objects or 
equipment being blown over the 
fence. 

e Provide partial vision through the 
fence. 


Jets are now permitted to taxi in 
under power, but must be towed from 
the ramp to a remote point before 
starting engines. This was necessi- 
tated by two events. On one occasion 
the starting blast picked up a 530-lb 
baggage cart and blew it over the fence 
for 75 ft. In another instance, full 
power applied to free tires frozen to 
the pavement damaged one passenger 
loading stand, two panel trucks, one 
air conditioner, one tug, and several 
glass panels in the terminal building. 

Additional shoulder paving has been 
provided on all taxiways to prevent 
erosion of unpaved shoulders and mini- 
mize ingestion of foreign objects. But 
it is not a cure-all. Recently, a jet 
making a stationary full-power runup, 
blasted out a 30 x 50-ft area of asphalt 
pavement. 


To Order Paper No. 109T . . . 


on which this article is based, see p. 6. 


New Factor of Safety Concepts 
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CHARLES LIPSON 


Fig. 1— Goodman dia- 
gram for determining 
factors of safety for 
compressor head bolts. 
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Are Applicable to Engine Design 


SAFETY factor is determined from 

stress and strength analyses, but the 
manner of comparing the two analyses 
depends upon the pattern of loading 
and resultant stresses. Four patterns 
of stress are considered here. They are 
where: 


1. Preload stress is constant, and the 
fluctuating stress varies, being additive 
to the preload. 

2. Preload stress is constant, and 
fluctuating stress varies, being com- 
pletely reversed about the preload axis. 

3. Preload stress is constant, and 
fluctuating stress varies, being subtrac- 


tive from the preload. 
4. Preload stress varies, 
fluctuating stress is constant. 


and the 


Application to Compressor Bolt Design 


To illustrate how these concepts can 
be applied, let us assume the problem 
of designing bolts to seal the head of a 
reciprocating compressor having a 10.5- 
in. bore and a cylinder pressure vary- 
ing from zero to 200 psi. 

After initial analysis indicates that 
six bolts, made of SAE 1118 material, 
will be used, the problem becomes one 
of determining bolt size. 


Table 1 — Factors of Safety for Compressor Head Bolts 
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The stresses are determined from the 
conventional relationships: 


K, 
F,=CF 


: K, % K, 


where: 


F,= Tightening load 

F,=External load due to gas pressure 

F,=Total load acting on the bolt 

o =Stresses resulting from the above 

loads 

A, =Stress area of the bolt 

K, =Elastic constant of the bolt 

K,=Elastic constant of the mated 

members 

C=2 

Table 1 gives the stresses for three 
bolt sizes. The stresses for the 4%-in. 
bolt are plotted on the Goodman dia- 
gram (Fig. 1) from which factors of 
safety can be determined. In this de- 
termination, two cases must be con- 
sidered: 

1. Where the tightening load can be 
taken as constant and the only con- 
sideration is that the design must be 
guarded against increases in gas pres- 
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sure, with a resultant failure of the 
bolt. 

2. Where the gas pressure can be ac- 
cepted as reasonably constant and the 
design must be guarded against over- 
torquing the bolt, with the resultant 
bolt failure. 

Obviously, the design must be strong 
enough to avoid both eventualities. 
The first belongs to the category of pat- 
tern 1, since the preload (tightening 
torque) is constant, and the fluctuating 
stress (gas pressure) varies, being ad- 
ditive to the preload. The second is 
illustrated by pattern 4, since the pre- 
load (tightening torque) varies and the 
fluctuating stress (gas pressure) is con- 
stant. Accordingly, two factors of 
safety are determined as shown in Fig. 
land Table 1. For the case where the 
gas pressure is constant and tightening 
torque varies, the limiting stress in Fig. 
1 was taken as the yield point of the 
material (Sy in Table 1) to conform to 
general engineering practice. 

The factor of safety governed by pos- 
sible excessive tightening is smaller 
(see Table 1) than the one from possi- 
ble excessive gas pressure. Therefore, 
the design is governed by avoidance of 
overtorquing. 

This factor of safety for the '2-in. 
bolt, as determined from Fig. 1, is 1.22 
and therefore not sufficient for a fail- 
ure-free operation. The 9/16-in. bolt 
gives a factor of safety of 1.65, which 


appears adequate. For critical appli- 
cations it might be necessary to go to 
5g-in. (factor of safety of 2.08), al- 
though this may lead to possible over- 
design if the requirements are less 
stringent. 


To Order Paper No. 120T .. . 


on which this article is based, see p. 6. 


New Brake-Retarder 
For Heavy-Duty Trucks 
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N OIL-COOLED, multiple-disc brake 
for service braking and retarding 
has been developed and tested by Auto 
Specialities. Fig. 1 shows the construc- 
tion of the unit. 

Cooling oil is sealed in the brake 
structure with two dynamic seals, one 
located between the outer housing and 
driver, and the other in the wheel hub, 
replacing the standard wheel bearing 
grease seal. 

Twelve discs make up the brake 
stack. There are six rotors driven by 
the brake driver through six machined 
lugs on the inside diameter, and six 
stators located and held in position on 


anchor pins between the inner and 
outer housings on the outside diameter. 
Metallic lining is sintered on both sides 
of the rotors. A lining size of 1434-in. 
OD by 11534-in. ID is used because tests 
indicate the most desirable ID/OD ratio 
to be 0.80. The lining area per rotor is 
75 sq in. to give a total of 450 sq in. 
per brake. 

The brake is hydraulically actuated 
with a conventional 15/1 ratio air over 
hydraulic power cluster. The hydraulic 
fluid is introduced into the annular 
cylinder machined in the inner housing. 
The cylinder is sealed with a silicone 
rubber quad ring followed by a backup 
washer of Teflon, which bears on the 
aluminum annular piston. 

Automatic adjustment is provided 
by three adjusters per brake, located 
120 deg apart on the primary disc. 

Service brake testing was done on a 
2-axle vehicle loaded to 25,000-lb gvw, 
with 18,000 lb on the rear axle and 
7000 lb on the front. Ausco brakes 
were installed on the rear axle while the 
front axle had conventional 16 x 2%4- 
in. air brakes. Maximum decelerations 
were attained at a 1400-psi line pres- 
sure, adequate to skid the rear tires. 
These decelerations amounted to 22 
ft/sec/sec at 20 mph, 20 ft/sec/sec at 
40 mph, and 18 ft/sec/sec at 50 mph. 

An accelerated durability test which 
scheduled 4050 stops from 45 mph at 
a deceleration rate of 15 ft/sec/sec at 
1.2-mile intervals, with a stop made in 
reverse after every tenth stop, showed 
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Fig. 1—Cutaway view of Ausco oil-cooled, 
multiple-disc brake-retarder for heavy-duty 
trucks. Tests indicate a lining service life of 


300,000 miles. 


a stack wear of 0.086 in., or 30% of the 
available stack wear of 0.280 in. Based 
on lining wear obtained with conven- 
tional brakes tested on the same sched- 
ule, the projected service life of the 
linings is 300,000 miles. 

Retarder tests were run on several 
tortuous grades in Arizona, using a 2- 
axle tractor and tandem axle semi- 
trailer combination having a gvw of 
57,300 lb distributed as follows: front 
axle 6240 lb, tractor rear axle 18,570 
lb, and trailer bogie 32,490 lb. The two 


Ausco brakes alone were used for re- 
tarding. The ambient temperature 
was 93 F. 

On Superior Mountain, the retarder 
was used to limit road speed to the 
posted 25 mph. The hydraulic line 
pressure required varied from 200 to 
300 psi. The maximum brake oil tem- 
perature was 245 F, which stabilized 
and remained constant after 4 min of 
application time. Total time required 


to descend the 4-mile, 6-7% grade was 

9.6 min and the maximum radiator 

water temperature recorded was 160 F. 
To Order Paper No. S207 . . . 


on which this article is based, see p. 6. 


Past Developments 
Key to New Turbojet 


DAVIS G. PHINNEY 
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HEN development of the 3000-lb 

thrust, JT12 turbojet was undertaken 
—a strictly company project without 
government assistance —the decision 
was made to take full advantage of 
known technology and to avoid major 
incursions into wholly new areas. This 


~- 


> eel 


made to your specs 


WE THRIVE ON CHALLENGES! 


“playing safe’ policy was adopted to 
assure that the product would be up 
to reliability standards while cutting 
development time to meet delivery re- 
quirements. 

The general design appearance of the 
JT12 is similar to that of the JT3. The 
JT12 has several stages of aluminum 
stator vanes. The stators are assem- 
bled by dip brazing and so are the inlet 
guide vanes, whose case extends back 
to the midpoint of the compressor. The 
stators continue the JT3 and JT4 
strengthening feature of an integral 
inner shroud. The highly successful 
brazed internal fuel manifold of the 
JT3 is continued, but a single fuel noz- 
zle is used in each of the eight cans. 
The louvered cooling arrangement also 
is repeated. 

There is also close resemblance to the 
JT4in design approach. This is notice- 
able in compressor rotors and turbine 
rotor construction. The JT12 employs 
JT4-type pin-jointed-root titanium 
blades in early compressor stages, dove- 
tail-root steel blades in later stages, 
minimum compressor blade length 
greater than that of the J52, and fir- 
tree-rooted shrouded forged turbine 
blades in both stages as in all stages of 
JT3 and JT4. 

Many thousands of hours of rig test- 
ing of main shaft bearings and seals 
were conducted in developing the JT3 
with the result that very little develop- 
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continued from p. 119 
ment was required for the JT12 other 
than oil scavenging corrections. The 
fuel system components are conven- 
tional lightweight design, a modifica- 
tion of the J52 engine control. 

The JT12 is not a copy or a scaled- 
down job. It took a great deal of in- 
genuity to design an engine with a 
thrust spec.fic weight of 0.146 lb per lb 
of thrust and to avoid destructive res- 
onances in thin sheet metal parts and 
in the rotating. system. 


To Order Paper No. 103U .. . 


on which this article is based, see p. 6. 


Two Techniques 
Hot-Form Titanium 


C. O. COFFER 


'WO METHODS used for hot-forming 

titanium sheet are: heating the blank 
and forming on unheated dies, or heat- 
both the blank and the dies. 

The least costly and more expedient 
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Large tube area for EFFICIENT 
COOLING IN ALL WEATHER, all 
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GUARANTEED 
against defects in materials and 
workmanship. 


WRITE TODAY FOR DETAILS 


AUTO RADIATOR Manufacturing Co. 


2901-17 INDIANA AVE. 


CHICAGO 16, ILLINOIS 


method is the use of furnace heated 
blanks and an unheated Kirksite die — 
lead punch drop hammer combination. 
The lead punch may be covered with a 
mild steel sheath to prevent lead pickup 
and deterioration of the punch. Ac- 
ceptable parts of many types can be 
formed with this method. Part toler- 
ances are fairly good when proper tech- 
niques are used. Closed-angle parts 
cannot be formed by this method, al- 
though subsequent bench work is some- 
times used to overcome this shortcom- 
ing. 

A refinement of the heated blank- 
unheated die method of forming in- 
volves the use of resistance heating. 
The advantage of resistance heating 
over furnace heating is that the blank 
is pre-positioned and may be formed 
immediately after heating, thus elimi- 
nating the transfer problem. For a 
given heating temperature, the forming 
temperature is higher than when fur- 
nace heating is used, and the form- 
ing temperature can be more closely 
controlled. One disadvantage of resist- 
ance heating is that extra material 
must be allowed for electrode contact. 
A second disadvantage is that the blank 
temperature will vary with varying 
blank dimensions. If the blank is of 
non-uniform width, the wider portions 
will be colder. If the blank is curved, 
the outer section of the curve will be 
colder. This effect can be satisfactorily 
overcome by cooling the hotter areas 
with air jets. 

The heated blank—heated die 
method of forming offers several ad- 
vantages over the methods based on 
the use of unheated dies. In some in- 
stances, it is the only practical way of 
forming close tolerance parts. 

With heated dies, the material may 
be heated very closely to the desired 
forming temperature. The parts may 
be allowed to dwell on the die after 
forming so that most of the forming 
stresses are dissipated. This results in 
parts that closely match the die con- 
figuration. If a stress-relief is required, 
this can be accomplished during the 
forming operation and part distortion 
or relaxation which might occur during 
a furnace heating cycle is avoided. 

The maximum permissible tempera- 
ture used for forming depends on the 
total time at temperature and on the 
particular alloy being heated. The 
maximum temperature may be dictated 
by embrittlement characteristics, heat 
treatment response, or scale removal 
problems. The minimum tempera- 
ture usually depends on formability 
requirements or, possibly, by stress re- 
lief requirements. Generally, the low- 
est temperature which will result in the 
required formability is the most desir- 
able. 

Lubricants are generally necessary to 
prevent scoring of titanium during 
forming. Heavy oils, dry film lubri- 
cants, or molten salts may be used. 
The descaling problems are usually 
more difficult when lubricants are used. 
In using molten salt or a dry film lu- 
bricant, care must be taken to prevent 
a buildup in the radii or other areas of 

continued on p. 123 
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have you seen all that’s new 
in gleaming stainless steel? 


Now, leading department stores 
everywhere are showing gleaming, 
carefree Stainless Steel in new and 
exciting displays. See these shining 
examples of Stainless Steel 
kitchenware, tableware, utensils 
and appliances to make your 
living easier. McLouth Steel 


Corporation, Detroit 17, Michigan 


McLOUTH STAINLESS STEEL 





THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


HOW TO GET MORE 
USEFUL HEAT PER KW 


It’s not much to look at, but our new 
Vycor Brand Radiant Heater is loaded 
with advantages for those involved with 
drying, baking, curing or pre-heating. 

The basic appeal of this unit is the 
kind of heat it gives you—long wave; 
efficient because it’s readily absorbed. 

These long waves are emitted from 
wire coils enclosed in tubes of 96% silica 
glass. And the tubes (made from one of 
our rugged Vycor brand glasses) resist 
heat, heat shock, and corrosion 

Long wave output is just one reason 
why your kilowatts will yield more useful 
heat. This heater also has a reflector 
system that includes a platinum strip 
bonded to one side of the tubing, and 
two layers of aluminized steel with Fiber- 
glas insulation in the housing 

Result: Between 85 and 90% of the 
available radiation is directed to your 
work 

With Vycor Brand Radiant Heaters 
mounted horizontally above or below 
your process line, you average 20 watts 
per square inch of working space and 
get full heating (800-850°I in three 
minutes, so there’s no costly warm-up 
delay 
you don’t need complex equipment for 
diverting heat after shutting off the line 

Heating tubes come in 14”, 26”, 38” 
and 54” lengths, mounted in twos or 
fours. You get each unit complete with 
frame, reflector 
mounting hangers and leads. 

More facts? Use the coupon. 


These units cool quickly, too, so 


sheet, junction box, 


NEW MATERIAL FOR MISSILE 
MAKERS AND OTHERS WITH 
HIGH-TEMPERATURE PROBLEMS 


[The biggest drawback to fused silica, 
despite its many desirable thermal and 
electrical properties, has been the limi- 
tation on sizes and shapes available. 

No more. Now Corning comes up with 
Multiform Fused Silica—a combination 
of a unique process and a versatile 
material. 
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With Multiform Fused Silica you can 
put the useful properties of fused silica to 
work in shapes and sizes that previously 
were unattainable. 

For example, you can now have 
cylinders, domes, crucibles, rods and 
slabs—in sizes equal to any achieved by 
conventional ceramic forming processes. 


Corning’s new Multiform Fused Silica offers the 
unique thermal and electrical properties of fused 
silica in shapes and sizes that up to now were 
considered impractical. 


Softening point for this new material 
is 2880°F; you can design for long-term 
use at temperatures over 1770°F, inter- 
mittent up to 2250°F. 

Resistance to thermal shock is high, 
since coefficient of expansion is 3 x 107 
per degree F 

his new material also displays an 
extremely stable dielectric constant and a 
low loss tangent over a broad temperature 
range. Example: At a frequency of 8.6 x 
10° cps, the dielectric constant is 3.58 at 
77°F and 3.57 at 750° 

Through either slip-casting or dry 
pressing you end up with an object 
(a radome, perhaps?) that has an 
opaque, fine-grained structure machina- 
ble to tolerances of plus or minus .001 inch. 

For samples of and/or detailed specs 
on new Multiform Fused Silica, mark 
the coupon and send it to our New 


Products Division. 


CORNING MEANS 


RESEARCH IN 


FROM CORNING 


A MIRROR FOR THE STARS 


This is a glass telescope mirror blank that 
measures 84 inches across and weighs 
4,000 Ibs. 

We made it. And we did it with a new 
process in which solid chunks of glass 
were placed in a mold and sagged into a 
single piece under intense heat 

Back in the thirties we also made some 
big mirrors. But then we ladled molten 
glass into molds and came up with a 200- 
inch disk for the Hale Observatory on 
Mt. Palomar and a 120-incher for the 
Lick Observatory. 

Our new sagging approach improves 
quality. It also costs less and is less 
complicated 

Seven months the disk was annealed. 
Now at the Kitt Peak Observatory in 
Arizona, grinding and polishing will go 
on for an estimated 24 months. Final 
polishing will be done after the telescope 
is fixed on a star. Time for that? Another 
year. 

Leading us to these facts: Patience is 
part of the art of the astronomer. And 
Corning can do almost anything with 
glass—be it a “‘one-shot,” hand-tailored 
piece or mass production of small items at a 
very rapid pace. 

Find out for yourself. The basic ref- 
erences are ““This is Glass” and Bulletin 
IZ-1, ““Designing with Glass for Indus- 
trial, Commercial and Consumer Appli- 
cations 

Or outline your need in whatever 
detail seems feasible. Could be your star 
is just around the corner, with glass 
by Corning. 


GLASS 


CORNING GLASS WOPKS io crystai St., Corning, N. Y. 


Please send me: 


Fused Silica; [] ‘‘This is Glass’; 
Name 

Company 

Street 


City 


“Corning Industrial Heaters’; 


] Bulletin 1Z-1 


| Information on Multiform 


Zone State 
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the die as an excessive buildup will re- 
sult in marking of the part. Graphite 
films have proved satisfactory for 
heated die applications. Molybdenum 
disulfide does not serve quite as well, 
but has the advantage of decomposing 
at forming temperatures, so that die 
buildup is not a problem. 

SERVING on the panel which devel- 
oped the information in this article, in 
addition to the panel secretary, were: 
chairman A. L. Smith, Ryan Aeronau- 
tical Co.; F. J. Peterson, North Ameri- 
can Aviation, Inc.; J. W. Chambers, 
Marquardt Corp.; and L. J. Hull, Ryan 
Aeronautical Co. 

This article is based on a report of 
one of production panels on aircraft 
production subjects. All 16 are avail- 
able as a package as SP-329. See order 
blank on p. 6. 


How to Save Money 
On Fleet Paint Upkeep 


RUSSELL L. SEARS 


EE that trucks are well painted to 

start with, practice good housekeep- 
ing, choose the proper time to repaint, 
and use best quality paints. These are 
the maxims for fleet upkeep. 

Original paint jobs on trucks range 
from good to fair. The average new 
truck is primed with a 0.5 to 0.7-mil 
coating of a medium grade primer and 
has a finishing enamel film thickness 
of 1.5-1.7 mils, which is baked (several 
use air dry enamels). This is below the 
quality used for passenger cars. In 
many cases, interior cab finishes are 
applied directly to steel without prime 
coating. Some bus and trailer manu- 
facturers are doing a better initial job 
of corrosion proofing. 

Frequent washing and adequate in- 
spection are essential to insure early 
repair of minor damage to the paint 
film. Costs will be repaid in the long 
run and appearance will be maintained 
in the meantime. 

The cost of paint is only about one- 
tenth the cost of application, so it is a 
waste of money to use inferior mate- 
rial. Beware of miracle paints con- 
taining magic ingredients, paints that 
do any and all jobs equally well, or are 
claimed to permit shortcuts in surface 
preparation prior to painting, and 
paints that are the “best’”’ but cost one- 
quarter as much as most. 

Generally speaking, the majority of 
fleet equipment is refinished and main- 
tained successfully with alkyd under- 
coats and enamels. Where corrosive 
materials are handled, more chemically 
resistant materials are required such 
as vinyls, epoxies, or chlorinated rub- 
ber. 

To Order Paper No. 115T .. . 
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High Strength Materials— 
Hot Sizing Them Is Tricky 


C. O. COFFER 
Ryan Aeronautical Co 
EVERAL major factors influence the 


ability to hot size high-strength ma- 
terials. They are: 


1. Creep resistance or compressive 
strength of the material at elevated 
temperatures. 


. Pressure applied to the part. 
. Soak time. 
. Thermal expansion of the mate- 


. Transformation growth. 

. Accuracy and design of tooling. 
. Tooling materials. 

. Employee techniques. 


Serving on the panel which developed 
the information in this article, in addi- 
tion to the panel secretary were: chair- 
man A. L. Smith, Ryan Aeronautical 
Co.; F. J. Peterson, North American 
Aviation, Inc.; J. W. Chambers, Mar- 
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SILHOUETTE 


3C TWO-BORE LP-GAS CARBURETER 


30% MORE 
AIR CAPACITY 


BETTER FUEL-AIR 
DISTRIBUTION 


LP-GAS CARBURETION 5 


MORE POWER WITHOUT 
ADDED FUEL 
CONSUMPTION 


DESIGN DUPLICATES 
ORIGINAL GASOLINE 
CARBURETER 


Century Model 3C-705-DTL LP-Gas car- 
bureter replaces all 2300 series DUAL 
THROAT HOLLEY gasoline carbureters 
used on V-8 engines manufactured by 
Ford and International Harvester. Avail- 
able soon with governor. 


CENTURY GAS EQUIPMENT 
Marvel-Schebler Products Div 
Borg-Warner Corporation 


Decatur, Illinois 





IF YOU’RE 


IN » & 
| METALWORKING... .\Q 30-1 
Die 
ao DT: 


TOOL SHOW 
and CONFERENCE 


DETROIT ARTILLERY ARMORY 
APRIL 21ST THRU 28TH 


The nation’s foremost forum for the advancement 
of scientific knowledge in the field of tool engineering 


rapid. registration Jorms u ala 


AMERICAN SOCIETY 
OF TOOL ENGINEERS 


10700 PURITAN AVENUE 
36 20) h mec! Pa 11S Be 
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quardt Corp.; and L. J. Hull, Ryan 
Aeronautical Co. 

(This article is based on a report of 
one of production panels on aircraft 
production subjects. All 16 are avail- 
able as a package as SP-329. See order 
blank on p. 6.) 


Road Rating Fuels 
At Part Throttle 


J.C. Ellis, 
W. F. Ford, 
E. H. Scott, 


and 
G. W. Stanke, 


ESTS have shown fuel ratings rela- 

tive to primary reference fuels to 
decrease rapidly with increasing part- 
throttle manifold vacuum. And a de- 
crease in engine octane-number re- 
quirements is also experienced under 
similar conditions. 

The fuel rating results were obtained 
with four makes of cars. The low sen- 
sitivity fuels RMFD-80-57 and RMFD- 
97-58 rated somewhat higher than the 
other fuels. These fuels were both 
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Table 1 — Approximate Decreases in 
Octane-Number Rating for 1500- 
RPM Speed Increase 


Octane-Number Decrease 


Fuels Max 
Throttle 
RMFD-80-57 
RMFD-97-58 


) 
Blend 11-C-58 } 3.2 
RMFD-83-57 | ; 


0.8 


Table 2 — Octane-Number Decrease 
from Maximum Throttle to 12 In. 
of Hg Manifold Vacuum 


Octane-Number Decrease 


200 Rpm 


Fuels — 
3000 Rpm 
RMFD-80-57 } 
RMFD-97-58 | 
Blend 11-C-58 } 
RMFD-83-57 j 


4.0 6.8 


8.0 9.5 
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MORE MUSCLE IN A SMA 


To meet new drive line requirements on its 1960 
model trucks, a major truck manufacturer needed a 
special, lightweight but strong universal joint—a unit 
that would provide greater torque capacity without 
increasing swing diameter. Rockwell-Standard en- 
gineers were consulted, and in a cooperative effort 
the new “58WB” was developed. It is now being used 
on several models in the manufacturer’s 1960 line. 

The design of the new “58WB” is applicable to 
medium-weight trucks, off-highway equipment, small 
crawlers and front-end loaders of approximately 112 
yards capacity. It can be made up as a complete 
drive line, furnished as a component part for a manu- 


A tubher Khoduil of... 


Universal Joint Division, 
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facturer’s own drive line, or utilized in close- 
coupled drives. The “S8WB” offers these outstanding 
advantages: 


* More capacity than any joint of comparable size. 
The “S8WB” provides 39,000 inch pounds torque 
capacity with a swing diameter of only six inches! 


* Key-type yoke. Requires only four bolts for instal- 
lation on original equipment. Saves downtime for 
repairs. 

For more details about the new “58WB” or for help in 


solving any problems involving universal joints or 
drive lines, write or call us today. 


ett 4a te STANDARD W 


CORPORATION 


Allegan, Michigan 





How you can materially improve 
your product dependability 
by specifying 


power packages by WISCONSIN 


You aiways simplify the job of building 


consumer preference into a powered 


product, by making Wisconsin an active 


member of your design team. 

Not only is Wisconsin the exclusive 
air-cooled, four-cycle engine line 
that’s world-renowned for complete 
dependability, but it provides you 


the broadest range of torque/horsepower 


ratings in the industry. Twelve basic 
designs, covering singles, twins and 
V4’s, meet any requirement from 3 
through 56 hp. — from displacements 
of 14.9 through 255 cu. in. — each 
with peak torque in the rpm range 
that assures maximum lugging power! 


ENGINES CUSTOM BUILT 
TO YOUR SPECIFICATIONS 
To assist our customers in solving 
individual design problems, we 

help you adapt Wisconsin engines 
to fit the machine ~— and the job — 

as perfectly as possible through a 
broad range of modifications. 


Here is true design flexibility 
every project engineer can use to 
advantage. And, here at Wisconsin, 
is power consultation based on 

50 years of engine specialization. 
Wisconsin engineers are prepared 
to work shoulder to shoulder 

with your development team in 
making the power unit a sales- | 
building part of your design — | 
making dependability a by-word 
for your product. 


WISCONSIN MOTOR 
CORPORATION 


MILWAUKEE 46, WISCONSIN 


World's Largest Builders of 
Heavy-Duty Air-Cooled Engines 
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WISCONSIN 
CUSTOM-ENGINEERED 
ACCESSORIES, TOO 


DRIVE TRAIN: specify your 
choice of centrifugal clutch; 
over-center clutch;-clutch 
reduction in a variety of 
ratios; reduction assembly; 
adaptor to take a spring- 
loaded clutch or transmission- 
torque convertor designs. 
SPEED REGULATION: 
available in a broad range of: 
governor controls; hand- 
operated, remote wire-and- 
lever controls; 2-speed 
agricultural controls (idle and 
load speed) and special 
provisions to mount controls 
of your own design. 

FUEL SYSTEMS: you choose 
between gasoline, natural 
gas and LPG (for domestic 
application) and alcohol, 
kerosene, and No. 1 fuel oil 
(for export). 

HYDRAULIC POWER: al! 
Wisconsin V4's can be 
equipped with integrally- 
mounted hydraulic pump. 
ELECTRICAL EQUIPMENT: 
you can select 6 or 12-volt 
starter-generator systems for 
all models, 3 through 56 hp. 
Solenoid switches and 
automatic choke, for remote 
or automatic starting, 

are also available. 


Let our application 
engineers assist you in 
building the Wisconsin 
engine design that’s 
custom-engineered to 
your machine and 

your specific operating 
conditions. Tell us your 
problems; you'll like our 
engineering cooperation, 
our desire to work with 
you in making yours the 
wanted product. 

Write for your copy of 
Wisconsin Bulletin S249 
with data covering com- 
plete Wisconsin line. 
Address Dept. O-20. 
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about 99 Research octane number, 7 
sensitivity, and had olefin content of 
less than 4%. Similarly, blend 11-C-58 
and RMFD 83-57 always rated lowest 
|in the group. These fuels were approx- 
|imately 98.5 octane number, 10.5-11.1 
sensitivity and had over 25% olefins. 

| Going from 1500 to 3000 rpm gave 
|the approximate decreases in octane 
| number rating shown in Table 1. 

| Manifold vacuum has a greater influ- 
|/ence on fuel ratings than engine speed. 
|Going from maximum throttle to 12 
in. of Hg manifold vacuum gave the 
decreases in octane-number ratings 
shown in Table 2. 

The large octane-number decreases 
of the more sensitive fuels at 12 in. of 
Hg manifold vacuum means that a car 
having a 97-octane requirement at 
|maximum throttle on primary refer- 
ence fuels must have its requirement 
decreased at least this amount to avoid 
part-throttle knock with these fuels. 
| Fuel RMFD-97-58 was the most sensi- 
| tive fuel tested. Changes in its ratings 
| with increasing engine speed and mani- 
|fold vacuum are less than blend 11- 
|\C-58 or RMFD-83-57. The high aro- 
|matic (47%) and relatively low olefin 
(18%) content of this fuel may have 
contributed to the better response. 


Road Octane-Number Depreciation 


Two engine variables and two fuel 
properties contributed to the deprecia- 
tion (Research minus road octane 
number) of the fuels rated in this test. 
Analysis was limited to four variables, 
but others may have contributed. The 
four variables are: engine rpm, mani- 
fold vacuum (in. of Hg), sensitivity, 
and per cent olefins. From a plot of 
the average rating for each fuel in all 
cars, the following conclusions were 
drawn: 


1. Increased sensitivity increased de- 
preciation at all engine speeds and 
throttle openings. 


2. Increased manifold vacuum in- 
creased the effect of sensitivity on de- 
preciation. 


3. Increased engine speed increased 
the effect of sensitivity on depreciation. 


4. Increased engine speeds generally 
increase depreciation of a given fuel. 


5. Increased manifold vacuum in- 
creased depreciation of a given fuel. 


6. Test fuels which showed the 
greatest depreciation between full- and 
part-throttle ratings had the highest 
sensitivity and highest olefin content. 


While part-throttle knock was gen- 
|erally not a severe problem in the cars 
|/used in this test program, some cars 
operating on some fuels did have criti- 
cal knocking areas at manifold vac- 
uums above 10 in. of Hg. (Based on a 
report of the Road Test Group of the 
CRC Motor Committee.) 


To Order Paper No. 128V .. . 
on which this article is based,see p. 6. 
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ADVANCED DESIGN PISTONS 


By GILLETT AND EATON 
for Longer Heavy Duty Service 


TROUBLE-FREE with thousands in use 


GE 


WIRE INSERTS 
PUT CAST IRON 
WEAR IN TOP 


RING GROOVE 


G and E Wire Insert 
Piston before machining 
(left) and after ring 
grooves are cut (right) 
showing how the steel 
wire forms a tough wear- 
resisting surface on both 
faces of top ring groove. 
The patented ferrous 
plug molded in the head 
(for diesel pistons) pre- 
vents burning through 
head and lengthens 
diesel piston life! 


te Low initial cost + Low cost per mile 


3 Amazing increase in piston life 
%& Maintains new engine power and performance 


With the thousands of G and E “Wire Insert’”’ Pistons in 
use for periods up to 3 years—a phenomenal record for 
trouble-free operation has been established. The ‘‘Wire 
Insert” greatly reduces top ring groove wear and increases 
piston life. 

The “Wire Insert’”’ piston design—exclusive with G 
and E—combines all the advantages of aluminum alloy 
pistons with the long life of steel in the top ring groove 
lands. No noticeable increase in weight—unequalled for 
rapid heat flow—and at low cost. 

A pre-shaped steel wire is cast into the piston where the 
top ring is located. When the grooves are machined, the 
closely spaced wire surfaces form hard bearing areas on 
top and bottom faces of the groove. Result—reduced 
ring land wear, longer piston life at lower cost. 


as LIGHT as aluminum...wears LIKE IRON 


YAMASIL Pistons have repeatedly run way over 
miles with only .002” to .005” wear on the top 
ring grooves. On-the-road ring breakdowns caused by 
badly worn grooves are almost eliminated because Vanasi/ 
Pistons reduce top ring groove wear up to 75%! Nothing else 
compares with the genuine G & E Vanasil—the original 
Hyper-eutectic silicon alloy, proven by 19 years of use. 


You Get ALL These Advantages Only In 
GENUINE VANASIL PISTONS 


G & E PROVED Hyer-eutectic Silicon Alluminum Alloy 


1. LIGHT WEIGHT—Seme as other aluminum alloys. 


2. SCORING, SCUFFING MINIMIZED— Because of "Oil Absorbing” 
microscopic porous texture. 


. LONGER LIFE—30% less friction — 30% herder. Greater “hot 
strength” —see chart ot right. 


. TOP RING — Breakage virtually eliminated becouse of reduced 
ring groove weer. 


. LOW EXPANSION—Choracteristics of Cost Iron. 
6. CLOSE CLEARANCES—Fitted with Cast tron Clearances. 
7. SOUD SKIRT DESIGN—No expension devices required. 
8. HIGH HEAT CONDUCTIVITY — Similar to other aluminum alloys. 
9. PLATING—No tin or other break-in coating required. 


APT mA LY 4 Year” 


GILLETT and EATON, Inc. 


VANASIL* 


‘OIL-ABSORBING” 


PISTONS 


FOR GASOLINE AND 


DIESEL ENGINES 


*Gillett & Eaton's trademark for a 
Hyper-eutectic silicon aluminum alloy 


Write for complete infor- 
mation end prices on 
Gillett and Eoton's Wire 
Insert and Vonasil longer 
fived pistons. 


” TERPenaToRE —peeness F. 


853 DOUGHTY STREET 
LAKE CITY, MINNESOTA 





SAE PAPERS 


%: * . ae 
* . - 
+ 


continued from p. 6 
of missile or rocket propulsion system; 
extracts from vibration test specifica- 
tion for Vanguard satellite. 

Methods of Estimation in Vibration 
and Shock Problems, C. T. MOLLOY. 
Paper No. 100W. Reference made to 
work of SAE Committee G-5, For Shock 
and Vibration on Missiles and Aircraft 
in developing procedures for design of 


fecbrick 


mounting systems for electronic equip- 
ment on aircraft; types of information 
required to carry out calculations de- 
scribed in these procedures; particular 
quantities are identified and indication 
given of how they may be estimated 
prior to measurement. 


Investigation of Resonance-Free Vi- 
bration Isolation System, G. H. KLEIN. 
Paper No. 100Z. It is shown that al- 
most resonance-free vibration isolation 
system, called “Dynamic Isolation Sys- 
tem,” can be constructed by extending 
theory of damped dynamic vibration 
absorber; its application to damped 
spring-mass system such as airborne 
electronic equipment in missile field 
mounted on vibration isolators is ana- 
lyzed and practical applications are 
presented. 


FORMFLEX CHROME 


PISTON RINGS 


Yes, for the right job in any engine, whether it be for original equip- 
ment on the production line, or for replacement service in the field— 
Pedrick FoRMFLEX CHROME oil rings will give you the utmost in 
conformability at low unit pressure for exceptionally long mileage. 

Ask us to name the prominent engine, tractor and vehicle manufac- 
turers who are using Pedrick Formflex oil rings as original equipment. 

Ask us to review with you the remarkable record of Pedrick 


Formflex rings in stock-car racing. 


Ask us about our long experience helping vehicle and engine manu- 
facturers merchandise really modern Service Sets of piston rings for 


the replacement markets. 


Just pick up the phone and call Mr. F. Rupert Glass in our 


Detroit Office: 


TRinity 5-1790 


WILKENING MANUFACTURING CO. 
433 New Center Bidg., Detroit 2 


Progress Report — SAE Subcommit- 
tee on Reliability, F. D. APPLEGATE. 
Paper No. 101T. Scope of subcommit- 
tee formed by SAE’s Aircraft and Air- 
craft Powerplant Activity Committees 
involves exchange information on or- 
ganizational structure covering reliabil- 
ity activities of contractor through 
phases of conception, detail design, de- 
velopment, production, and customer 
or service use; outline of organizational 
structure required by major weapon 
system contractor; replies from 10 com- 
panies are summarized to describe typi- 
cal organization covering various areas. 

Design for Reliability, B. B. RICH- 
ARDSON. Paper No. 101U. Approach 
taken by Norair Div., Northrop Corp. is 
demonstrated by examples of compo- 
nent and system redesign of SM-62A, 
“Snark” missile fuel system; “Ten 
Commandments for Design Reliability” 
are outlined which are observed during 
all phases of design, and during main- 
tenance period review of basic design 
criteria is made; review of redesign of 
SM-62A “SNARK” fuel system relative 
to these commandments is outlined. 

Flight Vehicle Power, R. A. JONES, 
J.S. KEELER. Paper No. 105U. Prob- 
lem area considered is that of furnish- 
ing power outside earth’s atmosphere 
for all vehicle purposes except propul- 
sion, but including power for electric 
thrust; energy conversion methods for 
generation of electrical power; antici- 
pated power requirements for boost 
glide vehicle, short and long duration 
satellite power; theoretical limits and 
attainable efficiencies of energy con- 
version devices: batteries; fuel cells; 
chemical dynamic systems; nuclear 
power systems; solar power systems. 

Basic Structures for Air Launched 
Missiles, R. H. LOUGHRAN, L. A. NEL- 
SON. Paper No. 106U. Structures are 
examined from standpoint of their re- 
quirements and characteristics as com- 
pared to other missile types; analysis 
considers cost to launching aircraft, ef- 
fect on missile prelaunch weight, and 
effectiveness of thermal lag in reducing 
missile structural weight; it is con- 
cluded that increase of performance 
and mass ratio requires reduction of 
percent structural weight; for short 
flight time missiles, reinforced plastic 
external structure appears promising. 

Properties of Asbestos Reinforced 
Laminates at Elevated Temperatures, 
N. E. WHAL. Paper No. 106V. Results 
obtained at Cornell Aeronautical Labo- 
ratory in study of composite materials 
to develop high strength, low density 
material for use in missile bodies, nose 
cones or combustion chambers of rocket 
motors; study of asbestos composites 
and test results obtained with long fi- 
bered chrysotile asbestos fibers used as 
reinforcement for heat resistant, phe- 
nolic or silicone resins; silicone asbes- 
tos laminates maintain high percentage 
of their mechanical properties up to 
800 F and should be considered. 

Radiation Effects Studies for Devel- 
opment of Radiation-Resistant Aircraft 
Subsystems, J. J. TIERNEY. Paper No. 
107T. Problems of operating aircraft 
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75-MILLIONTHS OF AN INCH BARRIER 
HALTS METAL MIGRATION 


JUST BENEATH THE FRESH OVER- 
PLATE OF THESE F-M ENGINE BEAR- 
INGS (LEFT) LIES A TENUOUS DIFFU- 
SION BARRIER. Though this film of 


metal is only 75-millionths of an inch 
thin, it stops tin in the overplate from 
migrating into the lining metal beneath. 
Its presence is important to bearing over- 
plate performance, particularly during 
the critical period of engine break-in. 
Maintaining uniform thinness as well as 
uniform composition of the plated barrier 
is most important . . . and most difficult 
to achieve on a production scale. Federal- 
Mogul research has developed a unique, 
extraordinarily precise method for con- 
trolling both the thinness and the metallic 
composition of this barrier, within nar- 
row limits. And the performance of F-M 
engine sleeve bearings attests to the 
success of the method! 


RESEARCH INTO ELECTROPLATING 


problems is a continuing project in the F-M 
laboratories. Unusual precision equipment 
and facilities are employed, many of which 
have been specially designed and engineered 
by F-M to solve probiems of sliding-bearing 
application. As a result, Federal-Mogul en- 
gineered sleeve bearings, precision thrust 
washers, formed bushings, and low-cost 
spacers provide the finest pos- 


sible performance character- Have you a problem with bearings, bushings or washers? Are you considering the development or 
istics for any application. Reel redesign of an item of the type shown above? We'll be glad to show you how the job can be done most 


effectively and economically. For information, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 


sleeve bearings DIVISION OF 


FEDERAL-M O G U L. Bees Fepera-mocut-sower 


leh a relies BEARINGS, INC. 
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The higher production, lower oper- 
ating and maintenance costs, and 
the improved safety features of 

the CECO-DROP account for its 
endorsement by leading forge 
shops all over the world. Why 

not join the more than 130 

users who are being “‘thrifty 

in 60” and install 


Ceco-Drops in your shop. 


Send for the 28-page 
bulletin, “The Ceco-Drop 
and its place in Forge Shop 
Modernization.” Write today. 


CHAMBERSBURG 
ENGINEERING Co. 


Chambersburg, Penna. 


ne Hammer Builders e 
DESIGNERS AND MANUFACTURERS OF THE IMPACTER 


When its a wital put, design it to be 
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equipment in radiation environment of 
nuclear-powered aircraft and studies 
being performed in effort to produce 
radiation-resistant aircraft subsys- 
tems; basic considerations of radiation 
environment and its interaction with 
matter; radiation effects on and result- 
ant damage to materials and accesso- 
ries; Convair program to develop radia- 
tion resistant subsystems. 

Convair’s B-58 Cyclic Fatigue Certifi- 
cation Program, C. D. LITTLE. Paper 
No. 108U. Summary of program for 
B-58 supersonic bomber consisting of 
development of load spectra, prepara- 
tion of fatigue analyses, development 
of test load spectra, fatigue tests of 
components, and complete airframe, 
and flight data gathering programs. 

Hgh Temperature Pneumatic Actua- 
tors, W. J. KOERNER. Paper No. 
107U. Limitations of hydraulics and 
advantages of pneumatic actuation sys- 
tems; developments in pneumatics are 
summarized with respect to system 
stability techniques and methods of 
overcoming low bulk modulus; positive 
displacement air motors capable of sus- 
tained operation at high temperatures 
and development of high temperature 
materials: construction features of air 
motor actuator under development by 
Marquardt Corp. designed for use in 
1200 F direct ram air system. 

Prediction of Aircraft Wing Gust Fa- 
tigue Damage by Means of Power Spec- 
tral Analysis and Constant Life Curves, 
R. H. GAMES. Paper No. 108W. Prob- 
lem of gust induced fatigue in military 
aircraft structures; method is pre- 
sented which predicts aircraft wing ex- 
perience in terms of oscillatory bending 
moment; also method of developing 
representation of wing fatigue charac- 
teristics in form of constant life curves; 
example considered is concerned with 
effects of gust loading and aircraft 
wing response for altitude of sea level 
and flight speed of 550 knots. 

Year of Jet Operation Experience at 
New York International Airport, T. M. 
SULLIVAN. Paper No. 109T. Prob- 
lems posed to airport operator arising 
principally from noise, jet blast, size 
and type of fuel; summary of experi- 
ence gained, measurements taken and 
policy observed by Port Authority 
with regard to these areas; provision of 
new instrument runway and its out- 
standing features; future developments. 

Ground Support and Handling of Jet 
Aircraft, G. W. McKENZIE. Paper No. 
109U. Review of steps taken by Trans 
World Airlines, Inc., in early planning; 
philosophy employed in certain TWA 
decisions, and experience to date in 
support of jet aircraft; selection of 140- 
kva 400-cycle a-c truck-mounted die- 
sel-driven unit adequate for ground 
operation of airborne electric freon air 
conditioning packages; towing and 
starting equipment; development pro- 
gram underway on preloaded baggage 
and cargo handling system. 

Development and Application of Fa- 
tigue Analysis to Aircraft Fasteners, J. 
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THEY TRUST THEIR 
_BABIES TO FRAM! 
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More manufacturers protect their 
precious new products with FRAM 
than with any other filters. See why: 


The business reputation of an engine manufac- 
turer is at the mercy of dirt and contaminants 
that ruin his products after they are sold. For 
fullest protection in the field, manufacturers 


install Fram at the factory! 
, O/L*AIR*FUEL*WATER 
When your equipment needs filter replace- 


ment it will pay you to use the filter manu- 

facturers prefer—and assure yourself the 

most perfect preventive maintenance 

available today! FRAM CORPORATION, Providence I6, R. |. 
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L. CHINN. Paper No. 108T. History 
of aircraft fastener fatigue testing and 
effort made in developing standardized 
test methods, fixtures and equipment; 
features covered by Specification NAS- 
1069 relating to fatigue test machines, 
specimen holding fixtures, standard 
test loads and conditions, etc; use of 
fatigue test in quality control, and 
evaluation of materials; comparative 
evaluation of titanium and steel fas- 
teners; developments in methods and 
flight incidents resulting from system 
or component malfunction. 


Boeing 707 in Service, R. M. MOR- 
GAN. Paper No. 110T. Review of pre- 
delivery improvement program and 
present effort on current problems of 
similar nature, made by Boeing Air- SOLID FUEL— 
plane Co. in developing 707; some RAMJET 
changes resulting from program to PROPULSION 


realize design and performance im- 
provements are outlined; summary of 
post-delivery experience relating to 
three groups of troubles, inadvertent 
flight maneuvers, system problems, and 
flight incident resulting from system or 
component malfunction. 


Development and Operation of Lock- 
heed Electra, R. W. PARTRIDGE, V. S. 
UPTON, J. T. POWER. Paper No. 
110U. Program involved in simultane- 
ous design, development and produc- 
tion of Electra; salient design features 
and examination of operation since its 
introduction into service; design pa- 
rameters of 400-mph transport aircraft 
for short to medium range flights, pow- 
ered by four Allison 501-D13 engines 
producing 3750 eshp; supporting pro- 
grams required; ground handling; air 
conditioning, electrical, hydraulic and 
surface control booster systems; fuel 
system and other features. 


First Year of Jet Age-Refiections, 
F. W. KOLK. Paper No. 110V. Monte 
Carlo method is applied by American 
Airlines, in calculating scheduling sys- 
tem which takes in account payloads 
and flight times, environmental condi- 
tions and other factors of significance 
in conduct of flight; baggage expediter 
system, mechanical reliability of vehi- 
cle, operating problems; problem of 
community noise. 


Preliminary Design Considerations 
for Structure of Trisonic Transport, 
M. G. CHILDERS. Paper No. 111T. 
Problems facing structure engineer in 
design of Mach 3 transport such as 
Boeing 707, Douglas DC-8, and Lock- 
heed Electra; problems relate generally 
to aerodynamic heating, high altitude, 
and thin shapes inherent with this 
type; structural design parameters, 
weight ratio, materials, structural con- 
figuration, fuselage, etc. 


Automatic Navigation for Supersonic 


Transports, R. F. MILLER. Paper No. 
111U. Background of navigation prob- 
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*-Prodaction 


\ Q 
GROUND SUPPORT 


~ Continental Aviation & Engineering Corp. is exceptionally 
well qualified, both by experience and by facilities, for work 
on the weapons systems of tomorrow. Our background 
embraces not only a half-century of internal combustion 
engine experience, but also years of pioneering in gas turbine 
engine development, and more than a decade in the field 
of solid fuels for ramjet propulsion of missiles and target 
drones . . . Continental is staffed and equipped for a wide 
range of assignments, military and commercial. The Detroit 
Division Research and Development Department is supported 
by our modern-to-the-minute Component Testing Laboratory 
complete with environmental facilities located at Toledo. The 
Toledo Production Division now producing various turbine 
engines in volume is capable of supporting diversified pro- 
grams ... The CAE record of achievement is one of which 
many a larger company might be proud. Inquiries are invited 
from those having propulsion problems, on the ground, on 
the water, in the air. 


EE maha eRe DE 


GENERAL OFFICES AND RESEARCH AND DEVELOPMENT DEPARTMENTS AT 12700 
KERCHEVAL AVENUE, DETROIT 15, MICHIGAN . .. PRODUCTION DIVISION AND FIELD 


SUPPORT, 1330 LASKEY ROAD, TOLEDO, OHIO. 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 
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Why Chrysler chose 


Purolator filtration 
for its new Valiant... 


Purolator supplies both the air filter and oil filter for Chrysler's dramatic new Valiant. 
One important reason: Chrysler has proved that Purolator gives superior performance. 
e Compactness is another important reason. The Micronic” oil filter, for example, is more 
compact because Purolator puts lots of effective filter area into a small volume. It suits the 
Valiant to a T—permits more efficient use of the smaller space under the hood. e There 


are many other reasons why Chrysler chose Purolator filters, of course, and why it may 
profit you to investigate Purolator filtration. Just write and ask. 


Filtration 


For Every Known : PU Fe O LATO Fe 


Fluid : PRODUCTS, INC. 


RAHWAY. NEW JERGEY AND TORONTO, ONTARIO. CANADA 
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lem and possible solution through au- 
tomatic inertial navigation, originally 
developed for guidance of strategic 
missiles and space vehicles; self-con- 
tained system using dynamic measure- 
ments as source of continuously avail- 
able position and velocity data is not 
susceptible to error induced by distor- 
tion of magnetic fields, nor to loss of 
contact under adverse ionospheric 
conditions; effect of inertial navigation 
on pilot’s function and availability of 
equipment. 

Doppler-Inertial Navigation for High 
Performance Aijrcraft, L. S. REEL. 
Paper No. 111V. Methods presently 
used to obtain flight control informa- 
tion in subsonic aircraft and their 
shortcomings when applied to super- 
sonic environment; analysis of instru- 
mentation requirements; details of 
Doppler-inertial system, developed by 
Ryan Aeronautical Co. to fulfill re- 
quirements of supersonic jet transport; 
system includes Doppler, inertial, digi- 
tal, and readout equipment. 

Effect of Properties of Materials for 
1000 F Motors on Design Voltage for 
Optimum Specific Output, E. A. LINKE. 
Paper No. 112T. Approach taken by 
Airborne Accessories Corp. in develop- 
ing small 3-phase motors for aircraft 
and missile power equipment operating 
at high temperature; size and weight of 
motor, for given specific output, varies 
with saturation flux density of mag- 
netic core; winding space factor, and 
conductivity of winding; factors to con- 
sider in selection of optimum voltage. 

Development and Testing of High 
Temperature Bearings, R. T. WEST- 
MORELAND, P. J. HANIFIN. Paper 
No. 112U. Program directed to provide 
2 7 in. self-aligning, antifriction bear- 
ings capable of operating in tempera- 
ture environments ranging to 800 and 
1500 F for supporting control surfaces 
of North American’s Navaho missile 
system; test material selection and use 
of Brayco No. 483 oil (per MIL-C- 
6529A) lubricant which dissipates at 
higher temperatures without harmful 
residue to impair operation of bearing; 
testing procedures for manufacturing 
titanium carbide bearings. 

Dulles International Airport, HER- 
BERT H. HOWELL. Paper No. 8216. 
Describes new international airport be- 
ing planned for Washington, D. C., area 
to be located near Chantilly, Va. Covers 
layout, land acquisition, community 
relations, initial construction, mobile 
lounges, and access highway. 

Problems of Space Exploration, W. H. 
SCOTT. Paper No. 8208. Summarizes 
information currently available to en- 
gineers in connection with problems of 
higher mass ratios, larger rocket en- 
gines, higher fuel specific impulses, and 
new materials and techniques for re- 
entry of space vehicles. States these 
problems are just as basic to space 
flight as are lift-drag ratio, specific 
fuel consumption, and _= structural 
weights to flight in atmosphere. To il- 
lustrate, a typical flight plan is fol- 
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lowed for a space flight, starting with 
the launch and exit from the earth’s 
atmosphere and ending with the return 
to earth. 


FUELS & LUBRICANTS 


Turbine Fuel Thermal Stability — 
CFR Coker and Flight Evaluations, 
J. D. ROGERS, JR. Paper No. 103T. 
Report of Fuel Thermal Stability Group 
of Coordinating Research Council, Inc. 
presents results of study of research 
methods for determining stability 
threshold temperature of jet fuels; cor- 
relations of standard CFR fuel coker 


Qe 


"BUF 
BEE int ap OL 


TROUBLE FREE 
THROUGH 
GENUINE DESIGN 


results, flight tests, and service experi- 
ence; research techniques used to ex- 
plore stability of fuels at bulk tempera- 
tures above 500 F. 23 refs. 


GROUND VEHICLES 


Dynamic Balancing of Engine/Clutch 
Combinations, M. G. AVERY. Paper 
No. 114U. Problem of unbalance at 
modern engine speeds in truck engines; 
examples of effects of unbalance; con- 
trols exercised by manufacturer to limit 
unbalance in two different and popular 
engines; control in field. 


Role of Surface Coatings in Fleet 
Maintenance, R. L. SEARS. Paper No. 


rN 


~o 


Small 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Trouble Free usage and Genuine Design can be obtained for 
yee products when the designing engineer specifies a 


OCKFORD CLUTCH. A vast backlog of knowledge and ex- 


erience is available to him at anytime. The American industry 


Heavy Duty 
Over Center 


as learned that ROCKFORD CLUTCHES mean extra values. 
The strength and toughness—the completeness of a Genuine 
Design—the wide range of sizes—the excellent machining— 
the long range economies received—all these advantages, and 
more, of ROCKFORD CLUTCHES combine to create an un- 


excelled reputation for versatility. Let our engineering staff 


help you to determine the type and size clutch best suited to 
help improve the power transmission control in your next model. 


Power 
Take-Offs 


Dc. FOR THIS HANDY od complet 


Gives dimensions, capacity tables and complete == 
specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, Ul., U.S.A. —_—_ 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Il. 


Automotive 
Spring Loaded 


CTL TUTTICTHTET S 
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115T. Selection and application of 
paint coatings for corrosion protection 
of commercial vehicles. 


Good Design, Good Maintenance — 
Corrosion Free Life, W. C. WELTMAN, 
Jr.,N. A. BAST. Paper No. 115U. Fac- 
tors to consider when designing alumi- 
num structures for motor vehicles; 
choice of material from strain hard- 
ened or heat treated alloys; steps in 
prevention of corrosion because of dis- 
similar metal contact; importance of 
planned maintenance program. 


Fleet Operator’s Views on Corrosion, 
D. K. WILSON. Paper No. 115V. Cor- 
rosion experiences of fleet serving gas 
and electric public utility operating in 
New York State described and illus- 
trated; experience of operators in other 
areas; no effective protection method 
devised yet; successful method of repair 
after damage developed. 


IH High-Speed Lightweight Diesels, 
A. F. DEWSBERRY, C. P. BOZOS, J. B. 
REEVES, JR. Paper No. 116T. New 
line developed by International Harves- 
ter consists of four 6-cyl engines cov- 
ering range from 20 to 100 hp; engines 
are not only modern tractor engines, 
but versatile power packages for many 
applications; principal approach in de- 
sign was to adapt existing truck engine 
to diesel combustion; details of crank- 
shaft and bearings, crankcase, piston 
and connecting rod, etc; 12-v glow 
plugs located in each precombustion 
chamber used instead of integral gaso- 
line starting system; performance data; 
turbocharger. 


Brake Drums — Investment for Safety 
and Profit, P. G. HYKES, C. A. HER- 
MAN. Paper No. 117T. Elements in- 
volved in brake drum design and testing 
are discussed; rating of vehicle brakes 
and brake drums; thermal and power 
considerations; brake drum design and 
materials; testing. 


Economics of Heavy Duty Brake De- 
sign and Maintenance, R. K. SUPER. 
Paper No. 117U. Review of design and 
operational problems; further elabora- 
tion of eight points previously agreed 
upon concerning phase of problem re- 
garding extended brake service life and 
periods between brake adjustments; 
maintenance practices which can 
strongly influence ultimate results. 


New Hercules Polydiesel Engines, 
E. A. V. HORIAK. Paper No. 118T. 
Improved version of Hercules turbu- 
lence chamber engine; new system de- 
veloped that makes engine run smoothly 
with minimum of diesel knock and also 
makes it possible to refine engine so 
that its fuel consumption matches that 
of open chamber diesel engines; this 
economy is obtained with auxiliary 
chamber inside cylinder head where 
spray pattern has only minor impor- 
tance and where pintle type self-clean- 
ing fuel nozzles are used; D-426 6-cyl 
in line and Dv-662 Vee 8-cyl polydiesel 
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A New Concept in Double Reduction 


— Truck Axles 


jai legato}. 


in Bevel Gears 


SECOND 
REDUCTION 


in Planetary 


Eaton Planetary Double Reduction 


Gives You these Important Benefits! 


Save We i G h t —Size for size, Eaton PDR Previously, double-reduction axles have been 
Axles weigh less than conventional herringbone or spur available only in the extra heavy-duty sizes. 
gear axles, permit truckers to haul more legal payload. Eaton PDR Axles are available in a wide 
range of sizes—the last word in equipment to 
La st L on Gg © [_ in Eaton PDR Axles, gear meet the demands of today’s hauling condi- 
tooth loads are equally distributed over four rugged “planet” tions. By actual comparison they cost less to 
gears; stress and wear are reduced, resulting in materially buy, less to maintain. They have established 
longer axle life. Eaton’s forced-flow lubricating system outstanding performance records in all types 
provides positive lubrication to all moving parts, even at of heavy-duty operation. 
slowest vehicle speeds—a feature not available in other 
double reduction axles. 


Cost Less to Maintain 


—When and if repairs are necessary, parts are readily 
available—most of them interchangeable with other Eaton 
Axles. Simple construction—similar to the famous Eaton 


2-Speed Axle, with which all truck service men are familiar 
—holds maintenance labor to a minimum. 


———_———— AXLE DIVISION ——————————— 
MANUFACTURING COMPANY 
CLEVELAND, OHIO 
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ROTARY AIR COMPRESSORS 


deliver ample air for 
safe operation of brakes 


Trucks equipped with Wagner Lockheed Rotary Air Compressors have 
plenty of air for safe, sure stops. The time-proven rotary action contrib- 
utes to rapid pressure recovery, assuring ample air reserve. This means 
safer stopping power even under severe braking conditions. Rotary ac- 
tion, with its overlapping air compression impulses, also contributes to 
smoother, quieter operation of unit. 

Pumping is regulated by a control valve which starts or stops com- 
pression by “loading” or “unloading” the compressor proper. This action 
establishes an intermittent pumping cycle which keeps reservoir pressure 


within the desired range. 
Available in either 9 C.F.M. 


capacity, air or water cooled; or 
12 C.F.M. capacity, water cooled. 


STANDARD TYPE 


“DRIVE-THRU” Rotary Air Compressor is designed for use on diesel engine 
trucks. It features all the advantages of rotary compression. 


FOR DETAILS on these compressors, and information on com- 
plete Wagner Lockheed Air Brake Systems and Equipment 
for trucks, trailers, tractors, buses and off-the-road equipment, 
write for a copy of Catalog KU-201. 


Let him help you with your specifications, and also ask 
him about the engineering consulting service available 
from Wagner. 


Wagner Electric @rporation 


6378 Plymouth Avenue, St. Louis 33, Mo., U.S.A. 


LOCKHEED BRAKE PARTS, FLUID, LINING and LINED SHOES + AIR HORNS + AIR BRAKES + TACHOGRAPHS + ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 
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Research and 


The Breath of Death! Tiny bubbles seeping up through a liquid. 
[he tell-tale breath of death that Midland-Ross engineers have 
purged from Midland brake systems. One more decisive step in 
research and development at Midland-Ross that protects auto- 
motive America. 


Development at Work 


AIR ; AIR AIR 
BRAKES COMPRESSORS CONTROLS 


VACUUM 
POWER BRAKES 


rome. 
PTT 


\aas/ 


MIDLAND-ROSS 
CORPORATION 


“ER 
OWOSSO DIVISION \y, OWOSSO, MICHIGAN 
ONE OF THE “400 LARGEST AMERICAN CORPORATIONS 


or 


DIE / CONSOLIDATED 
CASTINGS TRANSPORTATION EQUIPMENT 





Hane Stop? 
OF routine Steps? 


American Brakeblok delivers 
fop performance for both 


Scientists and researchers in American Brakeblok laboratories— 
and in the field—design automobile brake lining that serves all the needs of 
normal day-to-day driving for 99% of all motorists. 


This is lining that performs efficiently in summer heat and winter cold. 

It handles emergency stops beautifully, and provides no-fade 

performance in downtown traffic. American Brakeblok is all-around service 
lining, produced by the people who are known to make the finest 

lining you could specify. 

Ask an American Brakeblok representative to give you engineering data 
and proof of performance. Write or telephone collect. 


ne UPAR LR aa a 


— ae 


AMERIGAN BRAKEBLOK | 
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CLUTCH RELEASE 
BEARINGS 


AETNA BALL AND ROLLER BEARING COMPANY | 4690 SCHUBERT AVE. 


DIVISION OF PARKERSBURG-AETNA CORPORATION [| CHICAGO 33, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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BIG or small, Johnson Bearings, plain, grooved or de- 
signed for solid lubricants—up to 30-inch lengths—are 
precision-designed to give trouble-free performance, 
plus long life in demanding applications where heavy 
duty is a factor ...or where... 


@ it may be difficult to lubricate or lubrication 
may be neglected. 


@ high temperatures may rule out ordinary oils 
or greases. 


temperatures are too high or speeds are too 
slow to sustain an oil film. 


Available plain, with oil grooves, plug type or serrated 
type graphite, these tough Johnson bearings can be 
custom-made easily for rigorous applications. Serrated 
types are available from stock in more than 175 sizes; 
plain bearings in more than 900 stock sizes. For special 
applications twenty-five quality Johnson alloys are yours 
to choose from to assure the inherent quality of these 
bearings—plain or flanged. 


To get the bearing you need for an economical 
investment, call, write or wire Johnson Bronze Co., 
470 South Mill Street, New Castle, Pa. Do it today. 


Johnson Bronze 


675 South Mill Street - New Castle, Pa. 
Subsidiary: Apex Bronze Co., Oakland, Cal. 


ALUMINUM ON STEEL 
SOLD ALUMINUM 


POWDER METALLURGY— 
BRONZE OR IRON 
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BRONZE ON STEEL 


STEEL AND BABBITT GRAPHITED BRONZE BRONZE— 


CAST OR ROLLED 
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engines now produced by Hercules Mo- 
tors Corp. 


Road Performance of Comprex Su- 
percharged Diesel Truck, M. BERCH- 
TOLD, H. P. GULL. Paper No. 118U. 
Road performance with Comprex su- 
percharged White Truck Model 9000 
with Cummins JT-6 engine reported; 
Comprex delivers high air density over 
wide engine speed range, and responds 
immediately to load changes; prin- 
ciple of operation; Comprex calibra- 
tion; design description; vehicle diesel 
engine; sea level and altitude perform- 
ance; improved matching in view of 
altitude performance; control system; 
truck installation. 


Dynamic Balancing of Rebuilt En- 
gines and Driveline Components, R. T. 
BUSCARELLO. Paper No. 114T. 
Principles of static, kinetic and dy- 
namic balancing; difference between 
commercial and precision balancing; 
balancing pistons and connecting rods; 
balance tolerance for rotating parts; 
causes of dynamic, or combination of 
kinetic and dynamic unbalance; bal- 
ancing drivelines; balance tolerance for 
‘flexible rotors; effects of critical 
speeds or resonance; use of portable 
balancer and its advantages for main- 
tenance work; when to use cradle bal- 
ancer. 


More Miles per Gallon for Big Cars, 
too, PAUL C. ACKERMAN. Paper No. 
$223. Claims fuel economy of 1960 Ply- 
mouth 6 is better than that of 1940 
model, despite larger car size, greater 
horsepower, and addition of more ac- 
cessories. Points to engine improve- 
ments that have made this possible. 
Discusses problems of improving econ-- 
omy. Stresses importance of good 
driving techniques in obtaining high- 
est mpg. 


Handling Requirements, O. J. WINK- 
ELMANN. Paper No. 8220. Examines 
handling behavior of passenger cars, 
and what makes a car handle well, par- 
ticularly cornering ability, directional 
stability, wind stability, response, and 
feedback. 


Ride Requirements, R. SCHILLING. 
Paper No. 8219. Analysis of passenger- 
car ride problem, methods of improv- 
ing conventional suspensions without 
introducing new elements, and why 
Many arrangements are not commer- 
cially successful. 


Future High Angle Joints, D. P. 
MARQUIS. Paper No. 8218. Past, 
present, and future of universal joints. 
Describes variety of joints designed to 
overcome main deficiencies of basic 
universals joints: velocity variation and 
bending couples. Concentrates on so- 
called high angle joints, which are de- 
signed to transmit torque through 6-25- 
deg included angle, at speeds up to 
5000-6000 rpm. 


Canadian Developments in New Bus 
Design, A. E. Jennings. Paper No. 
$214. Describes new design of 43-pas- 
senger transit bus especially developed 
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Want to strip “unstrippable”’ coating? 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN + OVER 160 MATERIALS 


Even tough EPOXY FINISHES 
peel off in Oakite STRIPPER S-A 


Burn off an epoxy finish from a reject as a last resort? Not at all 
necessary. Oakite StripPer S-A strips metals clean. That’s true for 
multiple coats as well as single coat epoxy finishes. Look at STRIPPER 
S-A’s record: 
© A 3/16” thick coating built up from layers of epoxy 
coating and wrappings of fiber glass was stripped 
from gun barrels by overnight soak in Stripper S-A. 
Everything tried previously had failed. 
© Brass plated steel parts were stripped of their epoxy 
finish in matter of minutes. 
¢ Workholding spindles and racks laden with at least 
10 coats were stripped to bare metal by a short 
soak. Paint hooks formerly burned clean are now 
soaked clean instead. 


This powerful stripper is safe for all metals except zine and a—- 
nesium. And it’s safe to the user, since it works cold... has no flas 
point... rinses with water. 

Stripper S-A is but one of a long list of superior —— by 


Oakite. Some are specially formulated for use on steel .. . aluminum 

.. other metals. Some for removing lacquers . . . tough synthetic 
finishes. Still others are designed especially for removing paint from 
vertical surfaces. Whatever your paint-stripping problem—Oakite 
is bound to have the answer. Ask your local Oakite man or send 
for paint-stripping bulletin F-7893. Oakite Products, Inc., 34E 
Rector Street, ee York 6, N. Y. 


it PAYS to ask Oakite 


UT 


1909-1959 
‘years’ leadership in industrial cleaning 
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Two outstanding achievements for 1960: 
New compact Corvair by Chevrolet! 


New compact electrical equipment 
by Delco-Remy! 
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Delco-Remy has contributed importantly 
to the new Corvair by Chevrolet. New, 
lightweight, high-performance electrical 
components were specially designed by 
Delco-Remy for this revolutionary car. 
Traditional cooperation between engi- 
neering groups rapidly resolved the 
many problems of weight and space. 
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The new Corvair equipment by Delco-Remy includes * Generator 

¢ Regulator ¢ Cranking Motor « Distributor ¢ Ignition 
Coils * Horns ¢ Flexible Cable Controls ¢ Directional Signal 
and Control Switches ¢ and Delco Battery. 


Delco-Remy 


From the highway to the stars 


DIVISION OF GENERAL MOTORS, ANDERSON, INDIANA 
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a thinking 
engineer's 
MAGNET! 


If your pending engineering creations are as original as many we’ve 
encountered recently, there’s quite likely a place in them for Stackpole 
Ceramagnet. Molded from ceramic powders, these permanent magnets 
are totally unlike conventional metallic magnets — both in how and 
where they can be used. 

For instance, Ceramagnet permanent magnets are electrically non- 
conductive and chemically inert. In addition, their high coercive force 
means that they may be magnetized before assembly and used without 
keepers and pole pieces, or in the presence of strong opposing fields with- 
out loss of flux. 

Ceramagnet has space advantages too! Axial dimensions may be de- 
creased, radial dimensions increased. Thin discs containing many poles 
on one flat face are often practical. 

Ceramagnet permanent magnets usually show decided price advan- 
tages in larger sizes, in complex shapes, or in large quantities requiring 
a minimum of machining. 

Where can Ceramagnet fit into your application? For ideas and com- 
plete specifications, send for Stackpole Bulletin RC-12A. STACKPOLE 
CARBON COMPANY, St. Marys, Pa. 


ONLY CERAMIC MAGNETS COULD MAKE THESE NEW PRODUCTS PRACTICAL.. 
1. A durable, electrically-operated remote- 4. Smaller, quieter automotive auxiliary motors. 
indicating water meter for home & industry. 
2. A power station lightning arrestor that resists 
arc burning . . . lasts far longer. 

3. Light-weight, dry-circuit relay and circuit 
breaker arc-snuffers that require no additional 
insulation. 


5. Lower cost, more easily assembled door and 
cabinet latches. 


6. Low-cost magnetic drives that require no phys 
ical coupling between driving- and driven- 
members. 


CERAMAG® FERROMAGNETIC CORES 
SLIDE AND SNAP SWITCHES + VARIABLE 
COMPOSITION RESISTORS + CERAMAGNET® 
CERAMIC MAGNETS « FIXED COMPOSITION 
CAPACITORS + COLDITE 70+ FIXED 
COMPOSITION RESISTORS + ELECTRICAL 
CONTACTS « BRUSHES FOR ALL ROTATING 
ELECTRICAL EQUIPMENT + HUNDRED OF 
RELATED CARBON, GRAPHITE, AND METAL 
POWDER PRODUCTS. 
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STACKPOLE 
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continued from p. 143 
for Canadian operators; including body 
construction, windows, heating and 
ventilation, seating, doors, engine, and 
air suspension. 

Control of Exhaust System Corrosion, 
TOM DANNER. Paper No. 8212. Dis- 
cusses factors affecting muffler and ex- 
haust system life, including widespread 
use of dual exhaust systems; methods 
of control corrosion rate in exhaust 
system parts, such as muffler design 
and materials. 

Impact of Compacts, HOLGER RID- 
DER. Paper No. 8206. Does the Amer- 
ican motorist want compact cars? If 
so, how badly: and how many will he 
buy? Extent to which they succeed in 
the market will determine their impact 
on the service field and the oil industry 
in general. General specifications for 
Corvair, Valiant, Falcon, Lark, and 
Rambler are given. 

Ausco Truck Brake — Retarder Com- 
bination, D. A. GOTSCH. Paper No. 
$207. Describes a truck brake-retarder 
combination produced by Auto Special- 
ties Mfg. Co. In the combination is an 
oil-cooled multiple-disc brake which is 
used for service braking and retarding 
The brake is fully sealed and full of 
cooling oil at all times. Heat generated 
during braking and retarding is re- 
jected to the engine radiator through a 
separate brake oil cooling system. 

Influence of User on Vehicle Design, 
CARROLL W. BOYCE. Paper No. 
$209. Challenging comments on cur- 
rent truck design, from the standpoint 
of an industrial engineer who now is 
the editor of a truck fleet magazine 


How Good Is Testing? WILLIAM 
A. McCONNELL. Paper No. 8210. De- 
scribes a method of validating proving 
ground test routines as a sample of 
customer operations. Comparisons of 
field survey and proving ground failure 
Statistics as regards a group of pas- 
senger cars are analyzed to establish 
sample reliability and severity ratios. 
Alternative means of accelerating the 
test program are considered, with ex- 
amples indicating the effect on cor- 
relation. 


Fuel-Injection Equipment for Muliti- 
fuel Engines, HANS HOGEMAN. Paper 
No. 8221. Analyzes problems in de- 
velopment and operation of successful 
multifuel engines, and indicates the 
lines of progress as regards injection 
pump design, nozzles and holders, 
manifold pressure compensating de- 
vices, and many other features. Says 
multifuel engine is currently of in- 
terest only to the military, but points 
to potentials for commercial applica- 
tions 

Installation Status of Gas Turbine 
Engines, R. L. STODDARD and R. H. 
HARRISON. Paper No. 8217. De- 
scription of the gas turbine for auto- 
motive uses first developed in 1949 by 
Boeing Airplane Co. for the U. S. Navy. 
Brings to date information on operat- 
ing and manufacturing experience since 
that time, including data on perform- 
ance, fuel economy, cost of manu- 
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How America’s Number One Original Equipment Carburetor Helps Sell Cars... 


Off Ker Kits include gaskets and all the Master Kits contain just the right parts for 
essentials for off-the-cor carburetor cleanouts. carburetor overhauls . . . designed, tested and 
These kits cut service time, and assure your recommended by the world's largest maker of 
original equipment carburetors. 


Kleanout Kits are specially designed for on-the- 
cor carburetor cleanovts. They're factory- 
recommended for fast, efficient in-between 
tune-up maintenance for your customer. customers of new-car power and mileage. 


Keeping your customers satisfied means a lot more than providing a 
top-quality carburetor that performs from the very first start. It means 
top-quality service kits for regular carburetor maintenance. These kits are 
specially designed for specific jobs to assure quick, easy service . . . 

and more than satisfactory results for the customer. So, keep an eye on 
your customer’s satisfaction . . . keep a Rochester-GM Carburetor on his 
car. Rochester Products Division of General Motors, Rochester, New York. 


America’s 

number one 
original equipment 
carburetors 


GENERAL MOTORS 
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facture, etc. Applications listed in- 
clude mine sweeping generator drives; 
small boat propulsion; earthmoving 
equipment propulsion; truck propul- 
sion; pump drives; towing vehicle pro- 
pulsion; airplane, helicopter and tar- 
get-drone propulsion; aircraft engine 
starters; and small railway-switch- 
engine propulsion. 

General Discussion of Safety Regu- 
lations and Proposed Revisions, MAR- 
VIN W. VAN CLEAVE. Paper No. 
$213. Discussion of laws from which 
ICC derives its authority to administer 
and enforce Motor Carrier Safety Reg- 
ulations; also present safety regula- 
tions and some of changes being pro- 


n rit hac wv re ar’ 
g spirit has won “regula 


posed — and reasons for the proposed 
changes. 


PRODUCTION 

High Quality Structural 17-4PH 
Castings, W. R. ROSER, K. E. KU- 
SCHELL. Paper No. 104V. Use of in- 
vestment castings as prime structural 
components by Northrop Corp. in pro- 
ducing T-38 “Talon” supersonic jet 
trainer; study of causes for brittle 
fractures of 17-4PH steel castings 
showed presence of microshrinkage and 
large amounts of dendritic shaped fer- 
rite are major causes of low ductility 
and resultant rejection of 17-4PH cast- 
ings; it is found that retarding cooling 
rate of mold minimizes microshrinkage, 


EVEN ALLOY AND MOLD 


ven the compatibility of 


Noateric! ’ 
Weriagi-——oa va 


ariable phe- 
ywn in the foundry industry 
detail, knowledge and the 


customers for ECI 


é “THE PRESCRIPTION COUNTER FOUNDRY” 


7 


LICENSED PRODUCERS 
OF NI-HARD, NI-RESIST, 
DUCTILE IRON, AND 
OUCTILE NI-RESIST 


ENGINEERING CASTINGS, INC. 


MARSHALL, MICHIGAN 


reduces ferrite content, and reshapes 
ferrite. 

Development of New Extruding 
Techniques for Pure Beryllium and 
High Temperature Steel, L. M. CHRIS- 
TENSEN. Paper No. 98U. Mid-term 
progress report of 2-yr program under- 
taken by Northrop Corp., Norair Div.; 
programs are predicated on airframe 
and extrusion industry survey followed 
by competitive development of same 
shape by more than one extruder; ma- 
terials selected for Phase I extrusion 
development are H-11” grade (5% 
chromium hot work die steel) and “A- 
286” temperature resistant ferrous al- 
loy; results of investigation; feasibility 
of bare beryllium extrusion and future 
work. 

Development of High-Temperature 
Thermocouple- Materials, R. C. LEVER. 
Paper No. 105V. Compilation of ther- 
mocouple systems and metallic ele- 
ments having melting temperatures 
above 1400 C, comprising base, refrac- 
tory, and noble metals; desirable prop- 
erties for ideal thermoelectric combi- 
nation of materials; possibility of 
extending usefulness of thermocouples 
by development of noble metal thermo- 
elements possessing important combi- 
nation of improved’ thermoelectric 
output, measurement of high tempera- 
ture and superior stability. 

New Techniques for Production Flex- 
ibility, C. J. KARRER. Paper No. 8215. 
Describes some new production tech- 
niques developed by Detroit Diesel to 
provide for production flexibility in 
manufacture of their many models of 
diesels. Specifically, highly versatile 
production machinery and maximum 
interchangeability of engine parts were 
results of cooperative program. 


ALSO AVAILABLE 


1959 SAE AIRCRAFT MANUFACTUR- 
ING FORUM .. . SP-329 consists of re- 
ports on 16 panels, as follows: 

Missile Support Equipment, reported 
by A. O. DORITY, secretary. Discusses 
solid- and liquid-propellant missiles. 
Outlined are integrated factory-to-field 
test concepts; handling and transpor- 
tation of large rockets; field check and 
countdown concepts for solid boost mis- 
siles; assembly problems; cryogenic 
aspects of propellant handling; and 
testing of support systems and compo- 
nents. 

Materials and Processing Controls of 
Modern Alloys, reported by WILLIAM 
GRAY, secretary. A closer association 
between manufacturing and quality 
control is becoming a necessity to es- 
tablish in-process controls and main- 
tain adequate records to assure the cor- 
rect processed condition for the modern 
alloys. Examines the reliability of ma- 
terials; heat treatment; welding; and 
manufacturing systems. 

Shear Forming, reported by L. W. 
GREEN, secretary. Examines fields of 
application; the importance of metal- 
lurgical control related to this process; 
the state-of-the-art of tooling and 
methods for this process; the impor- 


continued on p. 150 


SAE JOURNAL, FEBRUARY, 1960 





wer Conversie 
MAIN ENGINE STARTING 


Sa oN oN Me) 


THE AIRESEARCH 
CONSTANT SPEED 
DRIVE STARTER 


is a combined generator, constant 
speed generator drive and pneu- 


matic starter which will provide 


turbine-powered aircraft with main 
engine starting and full electrical 
power both on the ground and in 
flight. 

Advantages are: 

1. Combines in one lightweight unit 
pneumatic starting and electrical 
power. Utilizes starter turbine 
(which is normally considered as 


in-flight “dead weight”) for con- 
stant speed trim. 

2. Provides full electrical power 
on ground without operating main 
engines by using a source of com- 
pressed air. 

3. Provides full electrical power in 
flight with a minimum use of bleed 
air for speed correction. Full elec- 
trical power can be maintained on 
a nonoperating engine by cross- 
bleeding air from operating engine. 
4. The unit can be made self- 
contained on the ground or in the 
air by installing an AiResearch gas 
turbine into the aircraft. This closed 
system within the aircraft fulfills 


CORPORATION 


the three conditions listed above. 

Other features: Extremely 
light weight... low oil heat rejec- 
tion... self-contained, self-cooling 
lubricating system... high tempera- 
ture operation...constant speed 
output pad available for additional 
accessories ...up to 120 KVA. 

A high degree of dependability 
has been achieved by using a tur- 
bine, gear train and control system 
similar to that employed in pro- 
duction air turbine starters and air 
turbine motors built by AiResearch 
which have accumulated thousands 
of hours of successful operation. 

Your inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


SAE JOURNAL, FEBRUARY, 1960 149 





continued from p. 148 
tance of the equipment requirements; 
and the probabilities for the future. 

Achievement of Product Reliability, 
reported by C. M. VOLKER, secretary. 
Organizational and functional aspects 
and the impact of reliability at the fac- 
tory level. Product and production im- 
provement through reliability. 

High Temperature Sandwich Con- 
struction, reported by W. F. ROBERTS, 
secretary. Examines merits of brazed 
honeycomb sandwich and welded steel 
sandwich. Discusses methods of braz- 
ing sandwich panels and inspection and 
quality control in the brazing and weld- 
ing process. 

Facilities Planning and Maintenance 
of New Equipment, reported by H. A. 
SICHLER, secretary. Discusses how to 
communicate both facilities and fund- 
ing requirements to management; ad- 
vantages and disadvantages of “‘skills- 
type” and “area-type” of maintenance 
organization; and methods of training 
maintenance personnel for the entirely 
new concept of maintenance operations 
brought about by the increasing com- 
plexity of automatic machines 

Control of Manufacturing Costs, re- 
ported by J. A. SIMPSON, secretary. 
Discusses master schedule program- 
ming; parts supply controls; material 
cost controls; and role of data process- 
ing in cost control. 

Control of Change Cost, reported by 
R. L. WORTHINGTON, secretary. Dis- 
cusses effects of manufacturing changes 

EXACTI ee RESEARCH ee on costs; effects of engineering changes 
on costs; and the action financial man- 
agement takes in the control of changes 

: and their costs 
symbol of product quality Handling of Propellants and Gases 
in Airplane and Missile Manufactur- 
ing, reported by L. D. WEBER, secre- 
tary. Gives brief summary of the 
range of propellants and gases; physi- 
cal and chemical properties; safety 
At PARCO, exacting research precedes all production techniques in handling; warehousing 


endeavors. Customer requirements are first firmly and transportation considerations; 
and, training considerations. 


established by investigating his uses and the problem Materials Handling, reported by H. S. 
areas that accrue therefrom. Then, whether the COOPER, secretary. Tells what’s new 
requirements are for exacting “‘O” Rings, custom in materials handling with emphasis on 


. ‘ work-in-process materials handling 
moiding, or rubber to metal bonding, the data is methods. Also covers how expensive 


scientifically analyzed. materials handling is, and how it af- 
‘ i fects reliability. 

This leads to the development of a specific compound Hot Forming and Sizing of High 

formula for meeting specific requirements. Temperature Alloys, reported by R. 


Subsequent research results in exacting production DOBSON, secretary. Gives methods, 
; , P tooling, advantages and disadvantages 
techniques to be used with the formula involved. of: Hot sizing of Rene 41. 17-7PH. PH 


The net result is an “‘engineered product,’’ 15-7 Mo; hot forming methods for HK 
completely compatible with customer requirements. 31, HM 21, molybdenum, Hasteloy; and 
hot forming of titanium and titanium 
This is why, at PARCO, exacting research is a symbol alloys. 
of product quality! Missile Rocket Case and Pressure 
Vessel Manufacturing, reported by E. L. 
STONE, secretary. Examines solid 
propellant case requirements that af- 
Send today for your free PARCO Pic-O-Ring desk/wall chart. fect the manufacturing processes: tool- 
A must when “O” Rings are concerned. ing for large diameter thin wall pres- 
sure vessels;and the manufacture of 
~ t PLASTIC AND RUBBER PRODUCTS COMPANY rocket cases and pressure vessels from 
yy structural plastics. Also covers the 


a 2100 Hyde Park Boulevard + Los Angeles 47, California sizing process as a dimensional control 
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ROCKWELL-STANDARD 





FOR HEAVY-DUTY 
OFF-HIGHWAY 
EQUIPMENT... 


A new concept in brake design for heavy-duty off-highway 
vehicles, the new Stopmaster Brake is the result of years 
of intensive Rockwell-Standard research and develop- 
ment effort. It represents the most significant brake de- 
sign improvement in over thirty years. 


HERE ARE SOME OF THE ADVANTAGES THE NEW STOPMASTER BRAKE OFFERS YOU! 


FASTER STOPS ... for better control GREATER INTERCHANGEABILITY . . . maximum number 
COOLER OPERATION . . . for extended brake life and of common components for smaller parts inventory 


durability 7 
LONGER! LINING LIFE . . . for lower operating costs, less 


LESS FADE... for safer, continuous operation maintenance 


LONGER DRUM LIFE. . . for more dependability, less 
down-time LIGHTER WEIGHT. . . for heavier payloads 


Another Duda ROCKWELL-STANDARD 
a CORPORATION 


Brake Division, Ashtabula, Ohio 









YOU CAN DEPEND UPON PM 


ACCURATE DIGITAL 
TORQUE INDICATOR 


Just ONE model from PM's family of 


null-balance servo type instruments 


Gives direct readout of 
torque from rotary shaft 
torque pickup 


PM's Digital Torque Indicator 
widely used 

applications 

full scale 

Its many 

filter that ntear 

countered ir 

provides 

lresolutior 

free fro 

plete in every way, ever 


strain gage power supply 


F.0.8. Detroit $1375 


REMOTE DIGITAL 
| 
' a 


M ® 


ey / torque meter 


/ 


© FLEXIBLE SHAFT COUPLING 


Torque readings are simplified with a strair 
gage torque pickup and PM's Indicatc 
Note how shoft torque is measured direct 
inertial losses as may 
countered indynamometer trunniond 
Torque pickups may be installed in s . 
points of a drive train to measure pro- 
gressive losses. 


with no 


Other PM instruments can measure 

LOAD « THRUST * TORQUE + FLOW 
WEIGHT * TEMPERATURE *DISPLACEMENT 
VOLTAGE ¢ PRESSURE with the highest 
occuracy attainable in industrial and lab- 
oratory applications 


PERFORMANCE MEASUREMENTS 


COMPANY 


15301 W. McNichols, Detroit, Michigan 
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in rocket case manufacture, and the 
control of rocket case and pressure ves- 
sel dimensions in heat treatment. 

Optics in Production, reported by J. 
RYAN, secretary. Investigates optics 
as an aid to engineering and produc- 
tion; use of auto-collimation: and the 
use of optics instead of tooling. 

Operations Research in Manufactur- 
ing Decisions, reported by H. W. 
WHITE, secretary. Covers production 
scheduling and control, machine shop 
simulation, production lot sizes, and 
manpower loading. Analyzes an actual 
tool crib problem. 

High Temperature Coatings, reported 
by H. W. INGALLS, secretary. Exam- 
ines ceramic, cermet, and metallic 
coatings for applications up to 2300 F; 
pack vapor phase high temperature 


New Members Qualified 


These applicants qualified for admis- 
sion to the Society between December 
10, 1959 and January 10, 1960. Grades 
of membership are: (M) Member; (A) 
Associate; (J) Junior. 


Atlanta Section 
Daniel L. Enfield (J). 


Buffalo Section 
Sheridan D. Smith (M). 


Central Illinois Section 

William Lee Brown, Jr. (J), William 
S. Gripman (M), William R. Hawks 
(M), Daniel Charles Lenkaitis (J), Al- 
vin W. Montgomery (M), Gene Alan 
Pfotenhauer (J), Bernard E. Swanson 
(A), Ralph Tegg, Jr. (J). 


Chicago Section 

Richard Thomas Bievenue (J), Rob- 
ert F. Davis (A), Keith H. Fulmer (J), 
William George Huley (J), Robert 
Mark Shane (J), Maurice Van Dieren- 
donck (A), Rouholah Zargarpur (M). 


Cincinnati Section 


Wilton F. Melhorn (M), J. W. Sav- 
age (J). 


Cleveland Section 

Wayne Robert Brown (J), L. J. 
Campbell (M), Paul Allan Cirino (J), 
Warren Ervin Fife (J), Michael E. 
Kastner (J), Morgan Martin (M), Wal- 
ter F. Mog (J), Lee F. Schiemann (J), 
James Edward Sheffield (J). 


Colorado Group 
Lee Edward Anderson (J). 


Dayton Section 


G. William Beck (M), William V. 
Kenzik (J), Dale D. Steinke (J). 


Detroit Section 


Burlin H. Ackles, Jr. (M), Thomas 
Francis Adams (J), George W. Albright 


coatings; reinforced ceramic insulating 
and refractory metal coatings; flame 
ceramic-materials properties and uses. 
Also discusses high temperature coat- 
ings and applications to high speed 
vehicles; flame sprayed _ refractory 
metal and refractory ceramic coatings 
for thermal insulation, oxidation, and 
erosion protection; and, ablation ma- 
terials systems properties, design fac- 
tors, and methods of quantitative com- 
parison of one system with another. 

Electronic Production, reported by 
DON YOST, secretary. Looks at elec- 
tronic designs of the future, the manu- 
facture of electronic components and 
systems, and automation as applied to 
current and planned electronic manu- 
facturing. Reveals the impact of the 
new generation of electronic designs on 
automatic methods. 


(A), Ivan Angeloff (M), Richard Peter 
Bialek (J), Charles A. Brethen, Jr. 
(M), Donald A. Brownson (J), William 
A. Burmeister (M), Dean M. Chisel 
(M), Robert F. Dean (M), Robert E. 
Delderfield (M), William J. Durako 
(J), Joseph R. Fortier (J), Richard 
Thomas Geggie (J), Albert J. Gonas 
(M), John H. Greening (M), Duane 
Henry Harwick (J), Paul Richard 
Henry (J), George Franklin Hill (J), 
J. Edward Kloian (J), Arthur A. Ko- 
walski (J), Donald C. MacDonald (J), 
Joseph J. Magyar (J), Robert F. Mc- 
Cabe (A), Harold Bruce Meyer (J), 
Randal Thomas Murphy (J), Norbert 
A. Nann (J), John R. Nyland (A), Den- 
nis P. Pazuk (M), Burton Allen Pear- 
son (J), Robert T. B. Peirce (A), Fred 
C. Porter (J), Charles D. Potter (J), 
Dennis C. Proctor (J), Eugene V. Re- 
naud (A), Gilbert F. Richards (A), 
Aronld Keith Riddle (J), Daniel J. 
Sellmeyer (A), Michael D. Sheean (J), 
Donald Joseph Smithbauer (J), Law- 
rence J. Vanderberg (M), William B. 
Williams (J), David Ronald Wilson 
(J). 


Fort Wayne Section 


John Raymond Duff (J), Charles F. 
Powell (J), Bruce D. Sibley (J), Ben- 
jamin R. Vian (J), Barrie Lee Wilson 
(J). 


Indiana Section 


Thomas Allen Berghoff (J), Morris 
Esche (J), Benjamin John Holanda 
(J), William J. Keller, Jr. (J), Keith 
G. Rochford (J). 


Kansas City Section 
Clifford G. Cain (M). 


Metropolitan Section 


Peter Arthur Aron (J), Joseph P. 
Auffant (A), Anthony J. Carlisi (J), 
Bruce H. Carpenter (M), Robert H. 
Foglietta (J), James R. Keegan (A), 
Wolodymyr E. Kulynycz (J), Richard 
W. Melosh (M), Kennth L. Myers (A), 
Thomas A. Pakenham (A), Alexander 
E. Prunka (A), 2/Lt. Richard J. Pryor, 
Jr. (J), Robert A. Todd (M), Lawrence 
M. Tucker (M). 
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Orake Vivision 


MORE SPACE FOR ACCESSORIES 


- 


with the Eaton Crankshaft-Driven 
Power Steering Pump 


By eliminating the need for mounting brackets, pulleys, and v-belts, the 
Eaton Direct Crankshaft-Driven Power Steering Pump saves valuable under- 
hood space. The oil reservoir is remotely mounted—out of the way. Direct 
crankshaft drive provides power for steering under all conditions; eliminates 
the need for belt adjustments. 

The Eaton Crankshaft-Driven Pump is an advanced version of the basic Eaton 
Roll-Pump design which has been performance-proven in operation on many 
leading passenger cars, motor trucks, and tractors. High efficiency, dependa- 
bility, quiet operation, and low cost maintenance are tangible benefits inherent 
in this design. 

If you are concerned with improving steering performance while cleaning 
up engine front end design and gaining additional under-hood space, call on 
us. Your inquiry will receive immediate attention. 


—_—___————-PUMP.  DIVIS1tON—————_ 
EATON MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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HEADS OR TAILS ... OR IN BETWEEN 


YOU NEVER GAMBLE WITH AMP. Electrical connections that stand up to formidable vibration, 
heat, cold and corrosion . . . Consistent circuit reliability and low cost . . . Attachments for 
every type of automotive circuit application . . . Solderless crimping by Automachine, portable 
power tools or hand tools . . . There’s no gambling when you specify AMP for every electrical 
connection from head lamp to tail light. (A) FASTIN-FASTON HEAD LAMP CONNECTOR For two 
or three tabs. Readily disconnectible for easy assembly and saving time. Cycolac housing. 
(B) SPECIAL WIRING DEVICES Automotive ring tongue and spade tongue terminals, Faston tab 
and receptacle units and Shur plugs, all to help you with your special single-circuit attach- 
ment requirements. (C) FASTIN-FASTON HARNESS CONNECTOR Two styles available: the 
T-shaped housings for two circuits and the standard housing for six circuits. Quick connect/ 
disconnect of harnesses. Panel mounted or free hanging. Tab width: .250”, .205”, .187” and 
.110”. (D) BUTTON CONTACTS Positive registry for light sockets. Wire insulation support 
increases vibration resistance. Permits easy locking of bulb. Write today for more information. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada + England + France « Holland « Italy * Japan « West Germany 
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Mid-Michigan Section 

John Walter Arnold (J), C. Dale 
Evans (M), Roland John Fernekes 
(M), John Thomas Herridge (J), Ber- 
nard A. Kruszka (J), Larry Ruffle (J). 


Milwaukee Section 

Donald J. Berchem (J), Kyle Roger 
Ericson (J), Franklin H. Greb (J), 
Glen Hodel (J), Donald A. Miller (J), 
Thomas James Olk (J), Donald Joseph 
Pribyl (J). 


Montreal Section 
R. H. Bowden (A). 


New England Section 


Roger Owen Gagne (J), Robert K. 


Horne (A). 


Northern California Section 

Ronald Orville Byram (J), Adrain 
P. Fioretti (M), Aksel Sigmund Hol- 
land (J), Richard L. McManus (A), 
Frederick W. Miller, II (J), Everett 
Eugene Spitler (J). 


Northwest Section 

Milo Duncan Bell (J), John A. Dau- 
benspeck (A), Paul T. Malone (M), 
Ronald MclIrvin (J), Charles Joseph 
Woodruff (J). 


Ontario Section 

Ralph Austin Cudmore (A), Michael 
J. Heuer (J), John P. O'Reilly (J), 
August Sunnen (M), Lloyd S. Tweedle 
(A). 


Oregon Section 


John B. Manin, Jr. (A). 


Philadelphia Section 


Bernard Richard Bolstad (J), Wil- 
liam A. Conway (A), Charles J. Cress- 
man (J), Anthony N. Schmitz (J), 
James E. Sinderson (A), Richard A. 
Wirth (M). 


Pittsburgh Section 
Stewart F. Sonen (J). 


Rockford-Beloit Section 
Jere G. Castor (M). 


St. Louis Section 
George A. Coward (J), Jack Wayne 
Dennis (J). 


Salt Lake Group 
Robert Jay Wheelwright (J). 


San Diego Section 


Albert C. Busche, Jr. (M), Robert 
Alva Farnsworth (J), William H. Gal- 
laher (J), Thomas Adam Krattley (J), 
Joseph Raymond Timlin (M), Charles 
Gordon Wolcott (M). 


Southern California Section 


Fred Arrence Ahle (J), Burnham R. 
Benner (J), James DeKlotz (M), John 
S. Fitzpatrick (M), Franklyn B. Floren 
(M), Carl Holman Grover (A), William 
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Hill Huntington (J), Robert F. Hart 
(M), Richard C. Keidel (J), William 
Bruce Lindsay (J), James Norman 
Locke (J), Finley H. Rhodes (A), Den- 
nis Patrick Ryan (J), Warren H. Sack 
(J), Lauren H. Welch (A), John An- 
thony Wentworth (J). 


Southern New England Section 
David D. Bott (J). 


Texas Section 


William W. Boyd (M), John Edward 
Field (J). 


Twin City Section 
Vernon Paul Castle (M). 


STRONG, NEAT 
ASSEMBLIES 


.- without threading, 
notching 
or drilling for 
cotter pins 


Type W 
PUSHNUTS 


One-piece, heavy 

gauge spring steel 

with powerful grip. 

Cover rod ends with 

smooth rugged cap 

Always align per- 
fectly. Various designs and finishes in 
sizes for 3/16", 1/4", 5/16", 3/8”, 7/16” 
and 1/2” dia. unthreaded rod 


All PUSHNUTS apply manually 


Flat 
Type H 
PUSHNUTS 


Easily, quickly pushed on unthreaded 
studs to assure tight, vibration-proof 
assembly of ornaments, medallions, name- 
plates. Sizes for 1/16", 5/64", 3 2”. 
1/8” and 3/16” diameter. 


Washington Section 


James H. Drum (M), Nicholas C. 
Rouse (J), Kenneth B. Tamai (J). 


Western Michigan Section 
Roy Edward Schmidt (J). 


Wichita Section 


L. L. Nighswonger (M), Jerome D. 
Rader (J), Leonard Harry Reimer (M), 


Outside Section Territory 


Roland Roy Armstrong (J), Robert 
Eric Beveridge (J), Stuart Marvon 
Birley (J), Walter B. Clement (J), 


continued on p. 156 


Use plain, unthreaded rods, shafts, 


studs, rivets or pins 


and simply push on these low-cost 


MEAD a ats 


Type U 
PUSHNUT 
Retainers 


New low-cost, space- 

saving, spring steel 

retainers push on 

plain rod, providing 
firm retention of parts, seated or 
Available for 4%”, 3/16”, %4”, 
and '/,” dia. rod. 


strong 
unseated 
5/16”, 3 a” 


or with high speed air hammers 


Acorn Type PUSHNUTS 


Pleasing, decorative appearance and 
strong spring grip for fastening or covering 
ends of rods, studs or rivets. Sizes from 
120” to .312” dia. 


Write for free samples and data, stating type, size and application. 


THE PALNUT COMPANY, 70 Glen Road, Mountainside, N. J. 
Detroit office and warehouse: 730 West Eight Mile Road, Detroit 20, Mich. 


PALNUT 


LOCK NUTS 
FASTENERS 





Latest in Vellumoid’s line 
of out- 
Standing gasketing materials. 


VELBUNA WG-1 
Excellent for applications involy 
ing medium or high compression 


loads requiring both firmness 
and conformabi| ty 


‘ VELBUNA WG-1 

ompounded of high grade fibre 
and Buna N_ synthetic rubber 
combined by a special process 


VELBUNA WG-1 
A dense homogeneous sheet 
with outstanding sealing char 
acteristics . 


VELBUNA WG-1 


Excelient torque retention 


VELBUNA WG-1 
Your answer to a wide range of 
services involving oils, greases 
fuels, and water 


We'll be happy to furnish 
sam- 

ples for testing on your particu. 

lar application. , _— 


Write Today... 

THE VELLUMOID COMPANY 
54 Rockdale St., 
Worcester, Mass. 


MOI 
VELL 
COMPANY 


WORCESTER, MASS. 
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Roger L. Fuetter (M), A. W. Oehler 
(M), Wayne Louis Peterson (M), Paul 
R. Smargiassi (J), Myron S. Stacks 
(J). 


Foreign 

Yuzo Koga (M), Japan; Tummala 
Sree Krishna Murty (J), India; Jon 
Prietz (J), Sweden; S. Shanmugasun- 
daram (M), India; Ian E. Webber (J), 
South Australia; Luigi Zandona (M), 
Italy. 


Applications Received 


The applications for membership re- 
ceived between December 10, 1959 and 
January 10, 1960 are listed below. 


Atlanta Section 


James H. Reynolds, B. Anthony 
Stevens 


British Columbia Section 


Wilbert Watson, Warren D. Wood- 
burn 


Central Illinois Section 


Alan H. Olinger, Alfred H. Thoman, 
Jr., John C. Thompson, Colin Ernest 
Woodley 


Chicago Section 


Eugene S. Baranowski, Charles M. 
Barnes, George A. Berry, II, Marvin 
John Carlson, Philip E. Cary, Francis 
L. Foley, Ted Havenar, Arthur E. Nel- 
son, James F. Sauer, Victor P. Vidu- 
giris, Joseph J. Rokos, John Schmidt, 
Ralph E. Ulm 


Cincinnati Section 
A. F. Schexnayder, Karl G. Sommer 


Cleveland Section 


George B. Howell, James A. Mc- 
Gowan David H. Roberts, Frank Van 
Syckle Smith, Jr. 


Colorado Group 
Bruce H. Gale, Harry A. Lane 


Dayton Section 


Albert T. Hart, Robert A. Mano- 
gue, Vernon L. Pickering, William E. 
Thomas 


Detroit Section 


Paul B. Appeldoorn, Roy W. Best, 
J. Richard Bohn, Jr., Charles J. De- 
Lorean, Jerome John Frankowski, 
Donald P. Haseltine, Leslie Hamilton 
Klauer, Morris Kosten, LaVerne M. 
Krieger, Harold A. Maloney, LeRoy 
David Matthews, Ronald M. McIndoe, 
Robert E. McMaken, Donald E. Mc- 
Minn, James G. Musser, Jr., George F. 
Owens, James S. Owens, Richard P. 
Paulis, Guy Donald Pierce, Robert Ful- 
lington Rea, Lloyd E. A. Reuss, John 
Serbin, Brent D. Sherman, David A. 
Sloss, Jr., Dean E. Smith, Jr., Robert 
William Warnke 


Fort Wayne Section 
Robert O. Baker 


Hawaii Section 
Seichi Kato 


Indiana Section 
Stanley Davis, James L. Hoch 


Metropolitan Section 

Edward E. Carter, Kent Ransom 
Costikyan, Jr., Richard J. DeChard, Al- 
bert G. Feil, Edward D. Hook, William 
B. Hungerford, Arthur J. Kelly, John 
B. Littlefield, Gerold F. Schlager, 
Oliver A. Servadio, Charles Stahley, 
Martin Sweitzer, Michael J. Walsh, 
Robert C. Ward, Stephen F. Wilder 


New England Section 
Harold F. Roth 


Northern California Section 
Lewis C. Coffey, Walter H. Wester- 
back 


Northwest Section 
James E. Tomlin 


Ontario Section 

Frank William Baker, George S 
Clark, Kenneth R. Coulter, Franklin H. 
Cressman, G. L. Felix 


Philadelphia Section 

Francois Ernest Didot, Michel Goch- 
tovtt, Albert Cooper Littlejohn, Robert 
H: Sinnamon, W. W. Tilden 


Rockford-Beloit Section 
Delmer L. Rench 


St. Louis Section 
James L. Martin 


Southern California Section 

Robert R. Breshears, James B. Greg- 
ory, Hal C. Huffman, Michael S. Pati- 
tucci, William L. Rose, Edward G. 
Rowlett, Henry Wilson Styers 


Southern New England Section 
William H. Burtt, Raymond S. Ger- 
vais, Joseph W. Wells 


Syracuse Section 
Donald Hermenet 


Texas Section 
Tom J. Sheffield 


Texas Gulf Coast Section 
James A. Embry 


Twin City Section 
Charles E. Grimes 


Wichita Section 
Norman W. Brandebery 


Outside Section Territory 

Douglas C. Ager, John H. Attenbor- 
row, Daniel B. Geran, B. J. Green, 
Howard R. Johnson, D. E. Ricketts, M. 
S. Subramanian, Orest Yakimischak 


Foreign 

Keneth William Holmes Baldock, 
Australia; Alessandro E. Carelli, Italy; 
Ames Ishai, Israel; Donald Sainsbury 
Smith, England; George Philippe Russ- 
bach, France; Atsushi Watari, Japan 
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“SYSTEMATIC” PERFORMANCE ina symphony orchestra every 


instrument complements the others in perfect harmony. That's the way a complete air brake system by 
Bendix-Westinghouse performs, too... all components are designed and engineered to work together. 
A complete Bendix-Westinghouse Air Brake System gives you systematic performance that delivers long- 
range economy, safety and dependability. That’s the reason most of the country’s leading fleet operators, 
and transport vehicle manufacturers, too, choose complete air brake systems by Bendix-Westinghouse. 


When it comes to new vehicles, make it Bendix-Westinghouse Air Brakes. cm, 
wtST/y> 


ule * 2 
SPECIFY COMPLETE AIR BRAKE SYSTEMS BY ome 





Whatever your operation—there’s a dependable 


BENDIX-WESTINGHOUSE COMPRESSOR for your job! 


On city streets, over superhighways, along cross-country 
trails, everywhere motor transport is in use, you'll find 
Bendix-Westinghouse Tu-Flo compressors performing 
under the most rugged conditions . . . delivering an ample 
supply of air and maximum safety to trucks, trailers, 
buses and off-the-road vehicles. 

Bendix-Westinghouse compressors are built to the most 
exacting standards and specifications. They’ve been 
laboratory-, road- and job-tested for billions of miles— 
efficiency-rated from the design board to final production 


CO) Bendre Yyfestiughonse 


tests—all with an eye to maintaining the highest quality 
ever built into a compressor. 

Tu-Flo compressors feature lower discharge tempera- 
tures over the entire speed range, increased air delivery 
at low and intermediate speeds, improved oil control, 
efficient operation at higher maximum speeds to match 
trends in engine design. 

Write or call us today . . . or see your nearby Bendix- 
Westinghouse Authorized Distributor for more informa- 
tion about dependable Tu-Flo compressors. 


SENDIX = WESTINGHOUS? 


p 
4¢ 
EWAKER in TRANSPORT S* 


AUTOMOTIVE AIR BRAKE COMPANY 
General offices and factory—Elyria, Ohio. Branches—Berkeley, Cal., and Oklahoma City, Okla. 








TU-FLO 300—Designed espe- 
cially for lightweight trucks and 
school buses. Affords owners the 
comfort and safety of air brakes 
at low cost. Permits hauling air- 
equipped trailers. 


TU-FLO 400 —This is the model 
that's most widely used by over- 
the-highway haulers. Available 
in either air- or water-cooled, 
self-lubricated or engine-lubri- 
cated types. 


TU-FLO 500—For those operoa- 
tions where compressed air de- 
mand is heavy. Ideal for large 
city and interstate buses, off-the- 
road vehicles and other heavy- 
duty hauling operations. 


TU-FLO 1000—A new high 
capacity compressor designed 
for air supply systems, stationary 
or mobile. Available in self- 
lubricated or engine-lubricated, 
air- or water-cooled models. 





is 


Pressure cover design simplified. Two axially assembled Truarc Series 
5002 beveled rings eliminate 27 bolts, reduce machining and assembly time from 
78 to 114 hours and make possible drastic size and weight reductions. Rings 
retain two covers of a pressurized x-ray unit. Savings: about $500 per unit. 


Parts eliminated in slide as- 
sembly. Two radially assembled 
Truarc Series 5139 Prong-Lock® Rings 
provide proper spring tension, eliminate 
looseness and wobble in this office cal- 
culator shift-slide. Original design called 
for a cut washer, spring washer, and 
cotter pin — all eliminated. 


Quarter-turn clamp improved. A bowed washer and two locknuts were 
eliminated in this quarter-turn jig-and-fixture clamp by a Truarc Series 5131 
bowed E-ring. The radially assembled ring holds the screw captive, provides 
required rotational drag between parts with sufficient tension to insure tight fit 
when the screw is first engaged. Typical savings: $1.35/unit—assembly up 70%. 


New way to install electron- 
tube sockets. Easy-to-apply Truarc 
Series 5101 bowed external rings lock 
tube sockets to chassis plate in this 
assembly. Bowed construction takes up 
tolerances of molded grooves, thickness 
of base. Individual sockets are remov- 
able for field service. 


Truarc rings for 
end-play take-up 
offer significant 
design advantages 


A number of Truarc retaining rings are available to 
take up end-play or loose fit caused by accumulated 
tolerances and wear. The rings often eliminate spring 
washers, collars and set screws, nuts, bolts, rivets, 
cotter pins and other conventional fastening devices 
with outstanding cost savings in machining and 
assembly time. 

Truarc retaining rings designed to deal with the 
end-play problem are of two general types: bowed 
rings for resilient end-play take-up and beveled rings 
for rigid end-play take-up. 

Bowed retaining rings are widely used for pre- 
loading bearings, preventing vibration or oscillation 
in linkages, providing tension on adjusting screws. 
Of particular interest is the radially installed Truarc 
Prong-Lock® ring which locks securely to the shaft 
by means of two prongs. It provides exceptional 
thrust load capacity, may be used as a shoulder 
against rotating parts, and often eliminates springs, 
bowed washers and other tensioning devices. 

In beveled rings for rigid end-play take-up, the 
groove-engaging edge is beveled at 15°. There is a 
corresponding bevel on the load-bearing groove wall. 
To take up end-play, the ring acts as a wedge be- 
tween the outer groove wall and the part being re- 
tained. 

These are just a few of the 50 functionally dif- 
ferent types of Truarc retaining rings. They come in 
up to 97 standard sizes, six metal specifications, 
13 different finishes. The entire line as well as ac- 
cessory assembly tools, grooving tools, and over 
70 typical applications are shown in the new catalog 
RR 10-58. Write for your copy today. And remember 
Waldes Truarc engineers are always ready to work 
with you on your specific projects. Waldes Kohinoor, 
Inc., 47-16 Austel Place, Long Island City 1, N.Y. 


©1959 WALOES KOHINOOR, INC. 9,12. 


WALDES 


/ TRUARC 


RETAINING RINGS 


Waides Kohinoor, Inc., Long Isiand City 1, N. V. 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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DELRIN 


UAL LLAMA MELLEL 
offering the user 

distinct performance 

and cost advantages 

in many products 


once reserved for metals 


In “Delrin” acetal resin, automotive 
engineers now have a new engineering 
material that offers distinct perform- 
ance and cost advantages in many 
components now made of die-cast zine 
andaluminum, castand machined brass, 
stainless steel and cast iron. 

The unique combination of physical 
properties and production economies 
offered by ‘‘Delrin’” has already led 
to its use for many components on 1960 
models, including windshield washer 
pumps, steering knuckle bushings, radio 
and dimmer switch parts. 

The table on the following page sum- 
marizes the properties of ‘“Delrin’’ as 
they relate to various projected auto- 
motive applications. All these desirable 
properties are retained to a remarkable 
degree even under exposure to wide 
temperature extremes, high humidity, 
solvents and stress. 

In addition, automotive components 
can be economically mass-produced in 
“Delrin” via injection molding and ex- 
trusion .. . frequently in one-piece, in- 
tegral shapes requiring no finishing 
operation. Parts maybe joined by 
mechanical fasteners, spin weldsorsnap 
fittings. Production molds assure part- 
to-part uniformity. Products can be 
surface-textured, painted, vacuum-met- 
alized or made in integral colors. 

We suggest you investigate the op- 
portunities for improved design and 
lower cost that “Delrin” offers you. 
Commercial processors and Du Pont’s 
Automotive PlasticsConsultantsGroup 
(located in Detroit) are ready to assist 
you.Simplymailthecouponontheright. 


=> 


This chart summarizes information ob- 
tained from extensive laboratory and field 
test programs. It matches possible auto- 
motive applications to known properties 
of “Delrin’’, affording you the starting 
point for evaluation of this new material. 
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PROPERTIES OF “DELRIN” 


Tensile Strength 


Stiffness 


Dimensional 
Stability: Load 


Dimensional 
Stability: Creep 
Resistance 


Dimensional 
Stability: 
Environmental 


Solvent Resistance 


Toughness 


Bearing Properties 


Excellent 
Appearance 


Serviceability 


Fabricability 


Electrical Properties 


(ASTM D638 
10,000 psi at 73°F 
4,000 psi at 250°F 


(ASTM 0790 
410,000 psi at 73°F 
90,000 psi. at 250°F 


0.5% Def. under 2,000 
psi load at 122°F 
ASTM 0621 

338° F Heat Dist. Temp 

at 66 psi (ASTM D648 


0.4% Deformation at 
113°F. and 10,000 hrs 
under 500 psi load 


Linear Change 
+0.1% going from 
0 to 50% RH 
+0 4% going from 0% 
RH to Saturation 
+0.1% in gasoline 


eight Change 
6 in Gasoline at 73°F 
% in Brake Fluid at 158°F 
% in “Unifio” at 158°F. 
in Ethanol at 122°F 
™% in Kerosene at 140°F. 


Fatigue Endurance 
5,000 psi at 73°F. 
Impact (Izod 
ASTM 0256 
1.2ft.ibs_/in.at—40°F 
1 4ft ibs. /in. at 250°F 


No Slip Stick 

No Squeak 

Coeff. of Friction on steel 
0.2 + 0.1 Dry 
0.08 Lubricated 


Cotorability 
High Gloss 
Paintability 


Wear Resistance 
Mar Resistance 
Stain Resistance 
Corrosion Resistance 


Injection Molding 
Extrusion 
Machining 


ASTM D150 
Dielectric Constant: 3.7 
Dissipation Factor 

004 at 73°F. from 

102 to 105 cps 
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POLYCHEMICALS DEPARTMENT 


FOR BETTER LIVING 
-THROUGH CHEMISTRY 
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E. I. du Pont de Nemours & Co. (Inc.) 
Department JJ-2, Room 2507D 
Nemours Building, Wilmington 98, Delaware 


I am interested in evaluating “Delrin” for the following use: 


Name 
Company, Position 
Street 


City, 
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BBP Rae eEg 
wheels 


deliver... 
everything 


Sobe—s5 In every part of the country, every 


corner of the world . . . Budd-made wheels are used for 
the transportation of all kinds of cargo . . . from school 
children to ballistic missiles. More than 60 million 
wheels for trucks, trailers, buses and off-the-highway 
vehicles have rolled from Budd plants. And many of 
them are still rolling after more than 5 million miles. 

A recent Budd development has now produced 
wheels that are 10% stronger... with no addition in 
weight, no increase in cost. Such developments are 
typical of the foresight with which Budd facilities are 
being applied to serve the automotive industry. The 
Budd Company, Detroit 15. 


AUTOMOTIVE iD f f 
aD #, ¢, D/VIS/ON 


Since 1916 — serving the automotive in- 
dustry with research, design, engineering 
and specialized production facilities. 
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New BORG & BECK 2-Plate ‘“‘Strap-Drive” Clutches 
PACK MORE MUSCLE...WITHOUT ADDED SIZE 


Trucks pay out on the road, not in the shop. So it’s asking for trouble when a 
truck engine is too big for its clutch. 
To help keep ‘em rolling, Borg & Beck has developed a new line of 2-plate clutches 
with up to 40% greater load capacity . . . yet without any increase in nominal size. 
Rated at 500 ft.-lbs. torque capacity, this new Borg & Beck Type 13E2 has 
12%” 0.D. x 7%” I.D. facings . . . non-cushion rigid or flexible center drive plate 
.. space for 16 heat treated coil springs of total load to suit type of service . . 
“strap drive” for positive, trouble-free plate separation. 
And like all Borg & Beck clutches, Type 13E2 is built to Borg & Beck’s pace-setting 
standards for quality, performance and value. Consult our engineers for details. 


BORG 2 BECK 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-W arner International, 36 S. Wabash, Chicago 3 





Challenging Engineering Opportunities 
at CATERPILLAR 


be a part of the company building the world’s most complete 
line of earthmoving equipment 


Find the satisfaction of growth and 
stability within a growth com- 
pany — where imaginative men are 
creating products for highway 
construction — industry — farms — 
national defense — products 
which build a better world. 
Caterpillar offers top ranking Research and Develop- 
ment opportunities — stimulating 
assignments — professional 
and personal advancement. You'll 
associate with the leaders and 
pioneers in this field — and have 
at your command the finest 
equipment, laboratories and de- 
velopment facilities. Please write us, tell- 
ing all about yourself. Inquiries 
are confidential, 
of course. 


(Below — New Caterpillar Technical 
Center presently under construction) 
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responsible positions available in 
RESEARCH — DESIGN 
DEVELOPMENT 


GAS TURBINE LABORATORY 
Aero-thermodynamics ¢ instrumentation + 
design + experimental development ° stress 
and dynamics * combustion + controls. 


ENGINE DEVELOPMENT 
LABORATORY 
Fuel injection systems *¢ turbocharged 
engines * combustion systems. 


VEHICLE COMPONENTS 
LABORATORY 
New power shift transmissions * final drive 
arrangements * transmissions * clutches + 
hydraulic circuit components. 


VEHICLE DEVELOPMENT 
LABORATORY 
Quantitative and comparative performance 
evaluation + soil mechanics ¢ full scale load 
analysis. 


PRODUCT AND APPLICATION 
ENGINEERING DESIGN 
Engines + systems « wheel and crawler 
tractors * transmissions * vehicle configura- 

tions * earthmoving machinery. 


SEND RESUMES TO: 
John A. Myers—SAE-260 


Professional and Technical Employment 


CATERPILLAR 
TRACTOR CO. 


PEORIA, ILLINOIS 





2273, 40 40swv 4s 
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BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-W arner International, 36 S. Wabash, Chicago 3 


When They Compare for 


Clutch Torque Fretention 
--- Fleet Operators Switch to LIPE! 


Torque retention is an important matter 
to the steadily growing body of fleet owners 
who are changing over to Lipe. Their 
every-day experience tells them that Lipe 
Heavy-Duty Clutches mean more miles per 
more ton-miles between 


gallon of fuel... 


shop-stops ... more capital-equipment-use 


Lipe Heavy-Duty DPB 
Clutches are available in 
single and two-plate types; 
12”, 13”, 14” and 15” sizes; 
with torque capacities from 
300 to 1900 ft.-Ibs 


a pL ° 


5 oe comamy ee 


per repair dollar. All because of Lipe’s high 
retention of torque capacity. Why argue 
with these practical men? Give them what 
they want: Lipe Heavy-Duty Clutches, 
either as original or optional equipment. 


Let their growing numbers prove to you 


that the trend is to LIPE! 


use } 
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WHY THE ZINC COATING ON ARMCO ZINCGRIP STEEL 
DOES NOT FLAKE 


On Armco ZINCGRIP® Steel, both the pure zinc and adherent 
iron-zine alloy layer that make up the protective coating 
adhere tightly to the base metal. As a result, the coating 
does not flake or peel. It actually stretches to maintain pro- 
tection when ZINCGRIP is formed or drawn. 


SPECIAL COATING PROCESS 
In Armco’s patented coating process, top-quality cold-re- 
duced steel strip passes through a furnace into a flux-free 
molten zinc bath. A special reducing atmosphere of nitrogen 
and hydrogen surrounds the steel from the time it enters 
the furnace. When strip dips into the bath, its surface is 
ideally prepared for union with the zinc. In addition, the 
steel has been heated and softened for greater workability. 
For almost a quarter-century, many severely-fabricated 
products have been made from this special zinc-coated steel. 
Essentially, it offers advantages where corrosion of uncoated 


OR PEEL 


steels may cause poor appearance, malfunction, or loss of 
necessary strength. Headlight and taillight receptacles and 
interior body parts are typical examples. 

For additional information about Armco ZINCGRIP STEEL, 
just fill in and mail the coupon. 


ARMCO STEEL CORPORATION 
1150 Curtis Street, Middletown, Ohio 


Please send more information on Armco Zincerip Steel. 
Name 

Title 

Firm 

Street 


Zone_____ State 


ARMCO STEEL 


Armco Division * Sheffield Division * The National Supply Company » Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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Report from James Roberts, Chief 
Engineer, Galion tron Works & 
Manufacturing Co., Galion, Ohio. 


“We chose IH power for our pneumatic tire 
rollers because the wide speed range and 
favorable torque-speed curve of the 
International engines make it possible to 
-have low-speed controlled operation for 
compacting, plus high-speed operation for 
traveling between jobs’ says Mr. Roberts. 
“Other reasons we chose International were 
fast parts and service coverage, and oper- 
ating economy*’ 


GALION’S power choice for new 


Roll-O-Matic based on 30-year 
experience with INTERNATIONAL 


After specifying IH engines in their road- 
building equipment for over 30 years, 
Galion engineers are more convinced 
than ever of the sale-clinching, profit- 
building advantages of International 
power. This long and satisfactory expe- 
rience shows that 1) International’s wide 
range of power sizes, with features for 
extreme adaptability in every size, pre- 


International UB-220 carbu- 
reted engine shown here is 
interchangeable in the Roll-O- 
Matic with International UD- 
236 diesel engine. 


sents a choice that will exactly match design specifications and 
power requirements. 2) International’s world-wide network of 
parts and service facilities assures prompt attention to on-the- 
job problems—any time, any place. 3) Galion customers are 
assured of long-lasting, low-cost power in their road-building 
equipment. That’s why Galion engineers specify IH engines for 
products like their new 9-wheel, 12-ton, self-propelled, Roll-O- 
Matic shown above. This new roller, like other Galion products, 
offers a choice of IH gasoline or diesel power. 

When selecting the engine to power your products, check into 
the complete International engine line—14 carbureted models, 
10 diesels, from 16.8 to 385 max. hp. You'll like the one common 
feature of all 24 engines: fastest payback power for users. Just 
call or write International Harvester Co., Engine Sales Depart- 
ment, Construction Equipment Division, Melrose Park, III. 


" £°4xINTERNATIONAL 


International Harvester Co., 180 N. Michigan Avenue, Chicago 1, Illinois 
A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors... Self-Propelled 
Scrapers and Bottom-Dump Wagons...Crawler and Rubber-Tired Loaders... Off- 
Highwoy Houlers ... Diesel and Carbureted Engines ... Motor Trucks... Farm Tractors 
ond Equipment. 





TROSTEL 


A complete producing organization for 
“OIL SEALS “PACKINGS “O-RINGS 


pated ee 
COMPOUNDING PLANT 


TROSTEL 
fey yy yt ty 


Trostel Aveateow Co ime 


(ACh keira 


Quality in every phase of supply and manufacture is assured 
through Trostel ownership of all essential facilities 


From raw materials to finished product, all key sources of supply and manu- 
facture are Tro tel owned and operated. Leather is tanned at the Trostel Tannery. 
Rubber is compounded at the Trostel Compounding Plant. Dies are made at 
the Trostel Tool and Die Works. Three separate Trostel Laboratories conduct re- 
search in leather, impregnations, and synthetics. A pilot plant tests all production 
runs. When, therefore, parts and materials arrive at the point of manufacture 
into seals and packings they are uniformly standard in specifications... Manu- 
facture itself is by automatic machinery in a modern plant, with a quality control 
system that insures close-tolerance accuracy in all operations. Special delivery 
and service are provided by Trostel Aviation . . . we can come to you quickly, or 
bring you to us. a; PACKINGS 
Trostel control of its products from raw materials to delivery is your guarantee . 
of dependably high quality at all times, on every order. For catalog and technical @G : OIL-SEALS 


data, write Albert Trostel Packings, Ltd., 500 Madison St., Lake Geneva, Wis. QD : O-RINGS 
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Largest closed ios die The forging of these 657 lb. bulkheads presented 


unusual problems—problems of die design, of forg 
ing, and of handling. The successful solution of these 


e 
forging ever made problems saved a costly assembly of many smaller 


parts—costly both in terms of dollars and pounds. 


for This is a typical Wyman-Gordon accomplishment 
the result of over seventy-five years of forging 


s 
commercial experience, and today supported by the greatest 


range of heavy forging equipment and technical 
know-how in the industry. 


aircraft 
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Over 1000 Wyman-Gordon forgings 


pace advanced jet designs 


In saluting the great achievement of America’s them. Today, from the huge main bulkhead 
commercial jet leadership, Wyman-Gordon takes forging at the left to the engine parts below, Wyman- 
great pride in having participated so extensively Gordon forgings are in the wings, fuselage, landing 
in the development of the aircraft industry from its gear and engines of the four newest commercial jet 
aircraft. These and a great variety of other vital 
components are forged from many types of ma- 
In World War I, the use of forgings was confined to terials: aluminum, magnesium, titanium, steel, as 
engine parts and Wyman-Gordon made most of well as many new uncommon alloys. 


very beginning. 


In the highly stressed parts of modern aircraft, there is no 
substitute for forgings and in complicated forgings of diffi- 
cult alloys, there is no substitute for Wyman-Gordon quality 
and experience. We are prepared to serve you at the design, 
engineering and purchasing stages of your developments. 


WYMAN - GORDON 


FORGINGS 


of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon materials 


HARVEY ILLINOIS WORCESTER MASSACHUSETTS DETROIT MICHIGAN 


GRAFTON MASSACHUSETTS FRANKLIN PARK ILLINOIS LOS ANGELES CALIFORNIA FORT WORTH TEXAS 
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General Motors 
announces 

a new name 

for its 

Moraine Products 
Division 
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4-wheel tractor-scraper with Hi-Torque brakes 


Operators of heavy off-road vehicles are finding that Hi-Torque 
brakes boost their profits—and that’s a feature to consider 
when designing your heavy equipment. 

Hi-Torque brakes give the “heavyweights” adequate safety 
Heavy rear dump and controllability—stop vehicles in approximately half the 

with Hi-Torque brakes s ; ia ; : 
distance required for conventional two-shoe brakes. With 
. - this reserve braking power, cycle time can be 
For your heavyweight vehicles reduced as equipment is operated in higher gear. 


Operators can tackle grades usua'ly considered 


provide dou ble braking power unsafe, since Hi-Torque brakes don’t fade, will 


stop a fully loaded vehicle downhill ! 
with H i -Torgq ue bra kes Investigate Hi-Torque brakes for your equipment: available 
in sizes from 17%” x 4” to 26” x 7”. Brakes can be operated 
by either air-over-hydraulic or direct- hydraulic actuation. 
Call or write B. F. Goodrich Aviation Products, a division 


of The B. F. Goodrich Company, Department SJ-2, Troy, Ohio. 


2-wheel tractor with Hi-Torque brakes 


Se MS 


Full circle contact with drum is provided 
by Hi-Torque brakes giving maximum 
effective braking surface in the same size 
unit. Hi-Torque stops vehicles twice as 
fast as conventional brakes. 


B.EGoodrich 


Hi-Torque brakes 
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Designing valve gear? 


Lge Lie 
RLSAS “ 
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We invite you to use these 
specialized CHICAGO services 
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Design 

of complete valve gear 
CHICAGO SPRING-LOADED FLAT INSERT TYPE ROCKER installations for any type 
VALVE HYDRAULIC TAPPET ARM UNIT of engine . . . passenger 
car, truck, tractor, diesel, 
aircraft or industrial. 


Development 
engineering 

based on years of specialized 
experience in valve gear 
problems. The skills of our 
engineers will prove a 
valuable addition to your 


PUSH ROD TYPE FOR COMPRES- THREADED TYPE ROCKER : : 
own engineering staff. 


SION RELEASE APPLICATION ARM UNIT 


Tappet 
manufacturing 
CHICAGO ’s facilities 

insure precision-manufactur- 
ing, scientific testing and 
rugged, trouble-free 
performance in every tappet. 
We will welcome the 


HYDRAULIC UNIT ON opportunity to serve you. 


v-8 AUTOMOTIVE HYDRAULIC END OF PUSH ROD 


| 
THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 e@ DIVISION OF STANDARD SCREW COMPANY 
2701 WASHINGTON BOULEVARD, BELLWOOD, ILLINOIS 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


...tough, oil-proof, weather-proof and colorful, too! 


The samples above should begin to give you some idea 


of the endless color possibilities in ozone-resistant 
rubber products made of new PARACRIL” OZO. Now you 
can give your product color that sells...color that iden- 
tifies for coding wire and cable jacketing...color that 
blends or contrasts...color that works in a hundred 
ways. And you can give your product other superior 
properties, too. 


Along with color, new weather-resistant PARACRIL OZO 
gives you a combination of high abrasion resistance, oil 
resistance, flex life and other valuable rubber properties 
far surpassing conventional weather-resistant rubbers. 

Cast a new eye on the rubber product you make or buy. 
See the difference color makes. See your Naugatuck Chem- 
ical Representative or write the address below for full infor- 
mation on PARACRIL OZO and the advantages it offers. 


Naugatuck Chemical 


128 P Elm Street 


Division of United States Rubber Company Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 


CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario CABLE: Rubexport, N.Y 





truck wheels 
that measure up... 


Here is one of many millions of 
truck wheels built by Kelsey- 
Hayes for commercial vehicles 
where radial and lateral run-out 
must be held to industry’s closest 
tolerances for smooth, true- 
running performance. 


i cet 


Three-piece rim construction with 
tubular side ring and lock ring 
for positive ‘blow-off’ protection 
along with the fine surface finish 
and dimensional exactness of its 
rugged cold-rolled disc makes 
Kelsey-Hayes advanced wide-base 
wheel construction the choice of 
fleet operators the world over. 
Kelsey-Hayes Company, 

Detroit 32, Michigan. 


KELSEY 
HAYES 
COMPANY 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles: Philadelphia and McKeesport, 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica, New York; Davenport, lowa; 
Windsor, Ontario, Canada 
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This huge, continuous, carburizing, 
hardening and draw furnace now 
permits even greater instrument 
control in heat treating DOUBLE 
DIAMONDS for maximum wear 
resistance and load-carrying ca- 
pacity. So far as we can discover no 
more efficient furnace could be 
installed to achieve the quality 
characteristics our gear customers 


have come to expect. 





At your request, our gear engineers 
would be pleased to describe this 
process in greater detail and to ex- 
plain, as well, what our recently 
expanded facilities can mean in 
terms of this pledge: “DOUBLE 
DIAMOND Gears offer the ad- 
vantages of lower installed cost and 
economical and dependable service 
on the job... gears that do credit 


to your product and reputation.” 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING COMPANY 
RICHMOND, 


INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 





New 
Hydraulic Filter 


Removes particles of all sizes to practically zero Microns 


... tests with Aircraft & Missile hydraulic oils 


show MICROCELL 99 99% effective 


At last here is a hydraulic filter that has been 
proven in the field to remove all particles 
down to practically zero microns! 

Luber-finer, Inc., with 25 years experience 
in oil refining and filtration design and devel- 
opment, combined its “know-how” with years 
of testing to produce the Microcell filter for 
the aircraft and missile industry. For the past 
three years the performance of the Microcell 
filter has been proven in the field on hydraulic 
test stand applications and on mobile and 
portable service units. 

Now Luber-finer, Inc. is satisfied with its 
performance record. Independent laboratory 
tests show the Microcell removes about 95% 
of everything down to 2 microns in one pass. 
After additional passes or circulations 
through the filter, 99.99% of everything down 
to practically zero microns can be removed. 
Microcell filter is now ready for wider distri- 


Here are some of the users of the 
Microcell filter on test stands and 
mobile service units. 


Republic Aviation Corp. 
Long Island, New York 


Rocketdyne Division 
North American Aviation, Inc. 
Canoga Park, Calif. 

Vickers Incorporated 


Raytheon Company Torrance, Calif 


White Sands, New Mexico 


The Hufford Corporation 
El Segundo, Calif. 


Aerojet General Corp. 
Azusa, Calif. 


FREE LITERATURE 


bution to companies in need of such extremely 
fine micronic filtration, offered for the first 
time by the Microcell. 

Tests have also proven that the Microcell 
filter will not adversely affect the character- 
istics or performance of the oil. It actually 
improves operational performance through 
more thorough dispersion of the additives. 

Another advantage of the Microcell filter is 
its ability to carry a heavy captured dirt load 
and still perform efficiently without plugging 
up. One Microcell Pack can remove and hold 
up to 150 grams of contaminants from 
hydraulic oils and still perform efficiently. 

Mail the coupon today for more free infor- 
mation about the revolutionary Microcell— 
including graphs of performance character- 
istics, 200 magnification photos of various 
stages of filtered oil, installation drawings, etc. 


LUBER-FINER, INC., Dept. F-10 

2514 South Grand Avenue 

Los Angeles 7, California 

Please send complete information on your new 
Hydraulic Filter which has been proven 
99.99% effective in removing all particles down 
to practically zero microns. 


ADDRESS 


CITY AND ZONE 
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Spicer 183 Turbo-Matic... 
The Transmission That Thinks for Itself! 


Just turn the ignition key and accelerate . . . the 
183 Turbo-Matic does the rest. Acceleration is 
smooth and rapid from standstill to direct drive, 
regardless of load condition or driver skill. The 
mental and physical fatigue of professional driving 
is materially reduced. Drivers are fresher, more 
alert, all day. 


In buses and emergency vehicles Turbo-Matic 
multiplies available engine torque by as much as 
5.6 times to provide unexcelled power utilization 
for improved operating efficiency and minimum 
maintenance downtime. 


Many American cities have discovered the opera- 
tional advantages of the heavy-duty Spicer 183 
Turbo-Matic transmission. Ask the Dana engineers 
to help you adapt it to your vehicles. 


Write for your free copy of booklet 
No. 806, which describes the out- 
standing features of the Turbo-Matic 
transmission. 


DANA 


CORPORATION 


Toledo 1, Ohio 


Serving Transportation — Transmissions e Auxiliaries ¢ Universal Joints ¢ Clutches e Propeller Shafts e Power Take-Offs 
e Torque Converters @ Axles e Powr-Lok Differentials e Gear Boxes e Forgings e Stampings e Frames e Railway Drives 
Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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Chrysler Corp. 
‘uses LUCITE’ 
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LEER LLL, 


(DE SOTO ADVENTURER. 2-DOOR. HARD-TOP) 


for maximum beauty and durability 


The Chrysler Corporation utilizes 
the “plus properties” of Du Pont 
LUCITE acrylic resins in 1960 cars. 
There are many reasons for using 
LUCITE; parts molded from LUCITE 
have excellent impact and shatter 
resistance; their weight is only one- 
third that of glass. They resist crack- 
ing and crazing, automotive chemi- 
cals, and have excellent dimensional 


stability and weatherability. Avail- 
able in a wide range of transparent, 
translucent and opaque colors, 
LUCITE is easily molded into almost 
any size or shape. Excellent edge- 
lighting and light-piping character- 
istics of LUCITE adapt to a variety 
of light-transmission effects. And 
the components of LUCITE stay 
beautiful for the life of the car. 
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PARKING LIGHT of LucITE acrylic resin 
gives sparkling visibility, resists heat, im- 
pact and is shatter-proof. It stands up to 
rugged conditions including flying pebbles, 
road dirt and oils. 


SPEEDOMETERS and interior lights em- 
ploy thelighting characteristics of LUCITE 
for better viewing of dials . . . including 
the diffusion of light. 


Easy moldability, extra strength 


and clarity—plus long life—make 


LUCITE® suitable for many uses 


Many automotive engineers find the properties of Du Pont LUCITE 


acrylic resins help to solve new, creative design problems. Keep 


up to date on automotive engineering with LUCITE by sending 


for our informative new brochure ‘‘A New Look at the Product 
Design Qualifications of a Popular Plastic, LUCITE’’. Just fill in 


and mail the coupon below. 


LUCITE® acrylic resins 


one of Du Pont’s versatile engineering materials 


Delrin’ - Alathon” - Zytel® 


acetal resins polyethylene resins nylon resins 


GU PONY 


RES. u. §. Pat. OFF. 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 
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TAILLIGHTS of LUCITE give maximum 
visibility because of their highly efficient 
light transmission. They resist cracking, 
crazing, sunlight, moisture . . . retain 
beauty for life of the car. 


E. I. du Pont de Nemours & Co. (Inc.), Adv. Dept., JJ-2 

Room 2507L, Nemours Building, Wilmington 98, Delaware 
Please send me your informative new brochure, “A New Look 

at the Product Design Qualifications of a Popular Plastic, 

LUCITE®”’. 

Name 

ee 

Street 


CT csi cient 
In Canada: Du Pont of Canada Limited, P.0. Box 660, Montreal, Quebec. 





One of a series 


On the riddle of rolling friction 


It doesn’t take much to roll a hard ball across a hard, 
smooth, level surface — actually only about 0.00001 times the 
normal force acting vertically on the ball. But by careful 
measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 
confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the material, 
not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 
is to learn more about the elastic and inelastic behavior 

of materials. This knowledge — of academic interest now — will 
eventually give GM engineers greater control of energy lost through 
friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 











F Relationship of rolling force 
16x10 to elastically stressed volume. 





(ff The symbol is the only thing that hasn't 
changed at Sealed Power in 49 years! 


Sealed Power has walked (and sometimes 
run) along the pathways of progress with 
the reciprocating engine industry for virtu- 
ally 50 years. 

Through one significant era of develop- 
ment after another our engineers, our metal- 
lurgists, and production specialists worked 
with engine designers. 

We measure our progress in terms of our 
contributions to the advancing efficiency of 


U. S. PAT. NO. 2,789,872 STAINLESS STEEL OIL RING 


the internal combustion engine . . . to re- 
finements in piston ring design . . . to the 
high performance standards so rapidly at- 
tained in sealing and transmission rings. 

Your future is our future. We look to it 
in this way. 

Our research programs, the talents of our 
engineers, the forward steps in manufactur- 
ing—all these are presently, and will con- 
tinue to be, dedicated to our common cause. 


Scaled Power 


Preferred Performance 


SEALED POWER CORPORATION, MUSKEGON, MICHIGAN ¢ ST. JOHNS, MICHIGAN * ROCHESTER, INDIANA + STRATFORD, ONTARIO * DETROIT OFFICE * 7-236 GENERAL MOTORS BUILDING * PHONE TRINITY 1-3440 


PISTONS ¢* PISTON RINGS ¢ SLEEVES * SLEEVE ASSEMBLIES + SEALING RINGS FOR ALL APPLICATIONS 
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MICRO-MASTER® 
105/35 mm 
Miniaturization 
a 


Jem PHOTACT’_ Photographic Papers, Cloths and Films Cx 


tim HELIOS’-— Dry Diazo Papers, Cloths and Films a 


st—le ONYX” — moist diazo Papers and Cloths 


a BLUEPRINT PAPERS AND CLOTHS 
aie DUPRO*— wosh-0f Process Cloths 
~ im MADURO’- Brownprint Paper and Cloths 


Dimensionally Stable Drafting, 
Film 


ee STABILENE® © citing and 


KEUFFEL & ESSER CO. 


NEW YORK + HOBOKEN, N. J. * DETROIT » CHICAGO + MILWAUKEE « ST. LOUIS * DALLAS +» DENVER « SAN FRANCISCO + LOS ANGELES + SEATTLE » MONTREAL 
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Why it pays 


to look at the end 
in the 


beginning 


1. In this pick-arm spring for a textile machine, nat- 
ural frequency vibration plus rigid end restraint 
caused early failure. By redesigning spring and add- 
ing swivel hook to end assembly, failure was avoided 
and cost reduced as well. 


2. Fatigue failure caused by bending stresses occurs 
where end hooks join working coils. In this method of 
reducing the combined stress, two coils at each end are 
wound with a reduced diameter. 


3. Another method for reducing stress concentration 
where end hooks join coils is to thread a flat stamping 
into end coils. 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-R Division, Plymouth and Ann Arbor, Mich. 

Gibson Division, Chicago 14, Ill. 

Milwaukee Division, Milwaukee, Wis. 


Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. 
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Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

F. N. Manross and Sons Division, Bristol, Conn. 
San Francisco Sales Office, Saratoga, Calif. 


Here are a few examples of why it pays to call on the 
springmaker early in your design problems. End- 
hook failure of extensioh springs is a common occur- 
rence that experience can help avoid. Check your 
specifications for performance and production econ- 
omy by consulting an A.S.C. spring engineer. Write 
for bulletin ‘“‘How to Solve Your Spring Design 
Problems.”’ 


General Offices: Bristol, Connecticut 


Seaboard Pacific Division, Gardena, Calif. 
Cleveland Sales Office, Cleveland, Ohio 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 


Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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Another new development using 


B.EGoodrich Chemical «+ #2: 


Ford Motor Company’s Sterling, Michigan, transmission plant uses conveyor hooks 
with Geon coating formulated and applied by Michigan Chrome & Chemical Company, Detroit. 
B.F.Goodrich Chemical Company supplies the Geon resin only. 


“Soft touch” of Geon safeguards parts quality 


The overhead conveyor system in 
this automatic transmission plant 
uses 26,000 hooks coated with Geon 
polyviny! material. The soft yet dura- 
ble coating made from Geon protects 
finished parts while they are carried 
from machining to assembly stations. 

In addition to giving the hooks a 
long and profitable service life, the 
Geon coatings come in any color, 
permitting color-coding for multiple 
conveyor operations. 

Versatile Geon is ideal for many 


Amer ibe la 


coating applications, since it disper- 
ses readily in the coating formula. 
Geon can be used to coat paper, 
textiles, metals or almost any ma- 


terial to provide new or improved 


advantages. Hundreds of types of 


Geon resins, plastics, latices and 
polyblends are available, tailored to 
specific uses for coatings, moldings, 
extrusions, or rigid or foam appli- 
cations. For information, write 
Dept.GU-1. B.F. Goodrich Chemical 
Company, 3135 Euclid Avenue, 


Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitchener, 
Ontario. 


'~« as ooo" 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON vinyls »* HYCAR rubber and latex + GOOD-RITE chemicals and plasticizers 
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Packard Wiring Systems 


SAVE 
ASSEMBLY 
OPERATIONS! 


Packard Electric engineers strive continually 
to make their products less expensive and 
faster to install. Now they have made it 
possible for the already efficient automotive 
wiring harness to become an even more com- 
plete sub-assembly. @ For example, the 
dome light of the Corvair is attached to the 
wiring harness at Packard and shipped ready 
to snap into the roof of the car along with the 
wiring. Single terminals are replaced by 
“Snap Fast” multiple connectors, fuse blocks 
and other cost-saving components. @ If your 
present wiring harnesses do not include these 
advantages ask Packard Electric engineers to 
help work out modern wiring systems for you. 
Packard Electric, the world’s largest producer 
of automotive wiring systems, has sales and 
engineering offices in Detroit and Chicago. 


Packard ¥ Electric 
Warren, Ohio ( iM 
seas 


“Live Wire’ division of General Motors 





KRALASTIC’' FOR CARS 


DURABLE + LIGHTWEIGHT ¢ VERSATILE - ECONOMICAL 


One of the toughest, strongest and most 
thoroughly proven of the many new plastics 
materials, KRALASTIC offers the automotive 
industry a unique combination of manufactur- 
ing and selling advantages. Essentially blends 
of thermoplastic resins and nitrile rubber, 
these molding and extrusion compounds have 
demonstrated their superiority over other 
materials in products from hearing-aid cases 
to football helmets. Extruded as pipe, KRALASTIC 


PHYSICAL 
Specific Gravity (Natural Color)* 
Impact Strength (%'' Bar Sample) 


cs sceincininbtneneooncessueesnnaesies 
IEEE SITE ooo cn agenenquanesioscsocouenennesesoeetes 
ID SUITS, 0 ini cencncdusctesesecsascoontenesesnscsenses 


Charpy Unnotched, 73°F............... ; 
Charpy Unnotched, 
Charpy Unnotched, 
Charpy Unnotched, 


Compressive Strength................... is 
Compressive Modulus 

Flexural Strength ................ 
Flexural Modulus ... 

Tensile Strength .... ieienes 
Hardness, Rockwell ...................... 
Thermal Coefficient of Expansion 
Thermal Conductivity 


I iti nace icacninianinneinnnanatinnietiin 
Deflection Temperature, 264 psi 
Woter Absorption, 24 hrs 
Compression Ratio (Bulk Factor)... 
Compression Molding 
Temperature 
Pressure 
Injection Molding 
Temperature . 
ih diiees ncaa lta leclitchienmmncnie 
Mold Shrinkage (Average)...............:.ccccecceees - 
Extruding Temperature .................000000 ‘ 
Calendering Temperature 


ELECTRICAL 


Dielectric Strength Short Time ‘"’. 


Volume Resistivity (35% Relative Humidity at 73°F).. 


Dielectric Constant 
60 CPS.... 
1000 CPS .... 
wk 
3000 x 10* CPS 
EE ND sencctbaconcntistsovtenens 


2 ee 


3000 w10* CPS.......... 
Loss Factor 


has proved so phenomenally successful that 
nearly 10,000 miles of it are in use for water, 
gas, chemical and electrical lines. 

KRALASTIC MM, recently introduced, offers 
such a combination of toughness and resis- 
tance to heat, staining and abrasion that it 
actually rivals nylon at a fraction of the cost. 

Investigate KRALASTIC. Consult us for expe- 
rienced application advice or for whatever 
assistance you may require. 


paula ft. Ibs./in. notch 


ft. Ib./in. 


psi D695-54 
psi D695-54 
psi D790-49T 
psi D790-49T 
psi D638-52T 
R Scale 0785-51 
in./in./ °F. D696-44 
B.T.U./hr./ft.2 per®F./in. C177-45 
Cal/sec./cm?/°C./cm 


B.T.U./ib./ °F. 
oF, D648-45T 
% Gained D570-54T 
D392-38 


Fy, 
psi 


°F. 


Volts / Mil D149-55T 
Ohm/Cm D257-54T 
D150-54T 


D150-54T 


0150-54T 


Typical 
KRALASTIC 
parts include 
instrument panel, 
window frames, 
garnish moldings, 
shrouds, switches, 
impellers and 
door handles. 


351 
1.1.x 10'3 


4.15 
4.20 
3.61 
2.70 


0.015 
0.002 
0.026 
0.006 


0.062 
0.007 
0.094 
0.015 


*Specific gravity of colors will vory with the pigmentation used. 
t+Heat distortion of 225°F. is obtained by annealing 
for 2 hours at 220° F. 


These KRALASTIC materials are arranged in order of decreasing Impact 
Strength except J, L and HTHT, which have special outstanding properties. 





11,000 
370,000 
13,500 
450,000 
8,800 
118 
0.000032 
1.8 
0.00062 


38 
200 
0.3 
1.8-2.0 


325-400 
1000 


350-600 
6,000-30,000 
604-.005 
350-450 


385 


> 2.7 «x 10'S 


3.17 
3.12 
3.08 


0.005 
0.005 
0.009 


Distinctive 
Properties: 


@ High impact resistance 


e@ Extreme toughness combined 
with hardness 


@ Lightweight: 2 weight of 
aluminum; ‘7 weight of iron 
@ Noncorrosive, nonelectrolytic 


@ Readily sawed, drilled 
and threaded 


@ Quickly solvent welded 


@ Dimensionally stable over a 
wide temperature range 


@ Opaque built-in colors 


350 340 


> 10 x 10'3 0.54 x 10'3 


3.41 4.00 
3.54 4.47 
3.20 4.05 
2.66 2.80 


0.009 0.011 
0.002 0.002 
0.017 0.018 
0.003 0.008 


0.030 0.043 
0.005 0.010 
0.053 0.072 
0.009 0.021 


Major 
Uses: 


@ Automotive components 
@ Pipe and pipe fittings 
@ Light wheels, gears 
and pulleys 
@ Machine housings ard parts 


@ Textile warp tubes 
and bobbins 


@ Radio and camera cases 
@ Football and safety helmets 
@ Tote boxes 


@ Hose nozzles and fertilizer 
injectors 


.40 
175 
0.2 
1.8-2.0 


325-400 
1000 


350-600 


6,000- 30,000 
* ,003-.004 


350-450 
300-375 


363 
>10x 10!'3 


3.54 
3.43 
3.24 


0.034 
0.012 
0.021 


0.120 
0.040 
0.067 


Naugatuck Chemical Division, navcatuce, connecticut 


Rudder Chemicats » Synthetic Rubber + Plastics + Agricultural Cremicals * Reclaimed Rubber + Latices 
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Load-Levelers* by Monroe Prevent 


MONRO-MATIC 
SHOCK ABSORBERS 


Standard on more makes of 
cars than any other brand. 


DIRECT ACTION 
. POWER STEERING 
The only truly direct-action 
Power Steering units available. 
; a3 MONROE SWAY BARS 
Specified as standard 
equipment on 15 makes 


of passenger cars 


E-Z RIDE TRACTOR SEATS 
Standard on more tractors than 
all other seats of its kind 


combined. 


“Tail y Drag” 


Prevent bumping on driveways and all the other problems caused by over- 
loading today’s longer, lower cars. Load-Levelers* give 35% to 45% more road 
clearance with overload, 12% to 17% more road clearance with normal load. 


Load-Levelers* do the work of elaborate suspension systems—at a fraction of 
the price. Installed in place of the rear shock absorbers, they automatically 
adjust a car to any extra load, to provide a safe, comfortable ride. 


e Prevent ‘‘tail drag’’, side sway, and ‘‘bottoming”’ 
on axles . . . provide a smoother stable ride. 


e Prevent hard steering and excessive tire wear. 


e Require no service, and don’t interfere with under- 
body servicing. 


e Easily installed as optional equipment. 


Our engineers will be glad to discuss the many advantages 
of Load-Levelers*. Write or call today. 


8 


TAT 


a 
eee an 


*Trademark 


MONROE AUTO EQUIPMENT COMPANY «+ MONROE, MICHIGAN 
In Canada, MONROE-ACME LTD., Toronto, Ontario « In Mexico, MEX-PAR, Box 21865, Mexico City 
WORLD'S LARGEST MAKER OF RIDE CONTROL PRODUCTS, INCLUDING MONRO-MATIC® SHOCK ABSORBERS 
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s FOR MAKING MASTER MODELS 
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... developed by Kish Industries using 


RCI EPOXY RESINS 


@ Master models are made faster and better using this Kish No. 44 Resin Compound (formulated with 
new Kish process* made possible by a completely different RCI Epoturs) and after the compound cures the 
type of epoxy formulation — based on RCI Epotur epoxy rough model is shaped and finish-surfaced using 
resins. standard woodworking techniques. 
The finished model is grain-free, dimensionally sta- 
ble, and unaffected by moisture and weather. It will 
not chip or deteriorate with age and can be altered 
simply by bonding additional Epotuf-based material 
on the model. 
(2) These templates are bonded into an “egg crate” This remarkable Kish innovation is just one of a con- 
having the general shape of the model. stantly growing number of jobs done more efficiently and 
(3) The open areas of the “egg crate” are filled with economically with versatile RC] EpotuF epoxy resins. 


Here, briefly, is how the Kish system works: 


(1) Starting with the draft or styling print, templates 
are cut from pre-cast KiPlaBoard (fully-cured epoxy 
board made in varying thicknesses). 


*Complete information on the Kish System is available from Kish Industries, Inc., 1301 Turner Street, Lansing 6, Michigan. 


Creative Chemistry i eT ‘Tie 
...Your Partner in Progress GGGQ908 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins * Chemical Colors * Industrial Adhesives * Phenol * Hydrochloric Acid « Formaldehyde * Phthalic Anhydride  Maleic Anhydride 
Ortho-Phenylphenol * Sodium Sulfite » Pentaerythritol * Pentachlorophenol * Sodium Pentachlorophenate « Sulfuric Acid » Methanol 
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Bundyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


There’s almost no limit 
to the things 
Bundy can mass-fabricate 


Maybe your tubing problems don’t run to animal shapes, but it’s likely that 
you can benefit from Bundy’s experience in mass-fabricating complex tubing 
parts. Here’s why: 


Precision bending: Bundy-developed machines turn out parts to exacting 
customer specifications . . . with mass-fabrication savings. 


Great strength: Your component will be fabricated from Bundywelde, the 
copper-brazed steel tubing that’s double-walled from a single steel strip. 
Bundyweld, the tubing standard of the automotive industry, is used in over 
95% of today’s cars. 

Expert design service: You can call on our engineering staff at any time 
to help with the design of your product. We may be able to point out short 
cuts that save you money without compromising engineering standards. 
Covered by Government Spec. MIL-T-3520, Type III. 

Next time you have a tubing problem, better call Bundy first. Phone, write, 
or call Bundy Tubing Company, Detroit 14, Michigan. 





This oil transfer tube illustrates the pre- 
cision with which parts are mass-fabricated 
at Bundy. Two flanges are formed on the 
Bundyweld tube as shown in the diagram. 
The opposite end of the tube is held to 
314” with a tolerance of only +.001”. 
Bundyweld double-walled steel tubing has 
the necessary ductility to form this tube, 
plus amazing strength that withstands severe 
punishment. Can Bundy’s mass-fabrication 
experience help you with tubing problems? 


There’s no substitute for the original 


BUNDYWELD. TUBING 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING © AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 
BUNDY TUBING COMPANY «+ DETROIT 14, MICH. * WINCHESTER, KY. * HOMETOWN, PA. 





in this zone, 
Gp stainless steels that 
remain ductile with 
high strength and stability 


bi In the search for favorable strength-to-weight ratio, high 
temperature alloys have been developed with extreme strength 
up to 1000 F, but at the expense of ductility. 
Y In AM 350 and AM 355, Allegheny Ludlum’s precipitation 
? hardening stainless steels, you have high hardness and stability from 
room temperature to 1000 F, plus almost twice the ductility! 
4 These advantages are followed by easy formability using normal 
Uy, techniques. AM 350 and AM 355 can be brazed and welded as easily 
as the common stainless steels. They can be spun, formed and machined 
without special preparation. 
AM 350 is available commercially in sheet, strip, foil, small bars and 
wire. AM 355, best suited for heavier sections, is available commercially 
in forgings, forging billets, plates, bars, wire, sheet and strip. 
For further information, see your A-L sales engineer or write for the new 
technical booklet, ‘AM 350 and AM 355.” Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Penna. 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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BEARING 


One in a series of technical reports by Bower 


1] BRIEFINGS 


BEARING GEOMETRY 
MAKES OR BREAKS BEARING PERFORMANCE 


To develop high capacity and optimum 
performance in a tapered roller bearing, 
it is essential that roller alignment be 
accurate. Correct roller alignment, in 
turn, depends on a critical geometric 
relationship between the cone back-face 
rib, and the cone raceway. 


Perfection in this geometric relationship 
compels the rollers to align themselves 
perfectly with respect to the bearing 
geometry, and each roller shares equally 
in the work that is imposed. Figure 1 
diagrams the important elements in- 
volved. 


When this rib-to-raceway relationship 
is incorrect (because of either faulty 
bearing design or manufacturing inac- 
curacies), rollers experience misalign- 
ment and begin to skid and skew under 


load. As engineers know, poor perform- 
ance and premature bearing failure are 
inevitable under these conditions. 


In the design and manufacture of Bower 
tapered roller bearings, Bower engineers 
take great care to generate and hold an 


rid. In practice, this means that Bower 
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bearings are designed for maximum life 
and optimum performance under any 
operating conditions. It means that 
Bower bearings retain accurate roller 
alignment under all speeds and loads up 
to the maximum for which the bearing 
is rated. 


It’s one thing to develop proper bearing 
design on paper, but quite another to 
carry it out consistently in manufacture. 
To this end, Bower engineers were instru- 
mental in the design and development 
of a unique centerless grinder on which 
Bower precision grinds each bearing’s 
cone raceway and rib-face simultan- 
eously. The results obtained from these 
machines invariably meet or surpass 


Bower’s exacting requirements and as- 
sure perfect roller alignment. 


Figures 2 and 3 are front and top views 
which illustrate Bower’s technique of 
centerless grinding rib-faces and cone 
raceways together. As a result, every 
component in a Bower bearing is per- 
fectly concentric about its rolling axis. 


THESE SURFACES 
GROUND 
SIMULTANEOUSLY 


THIS ANGLE MUST BE 
HELD EXACTLY FOR OPTIMUM 
PERFORMANCE 


+ 2 °° 2 


When you require bearings, we suggest 
you consider the advantages of Bower 
bearings. Where product design calls for 
tapered or cylindrical roller bearings or 
journal roller assemblies, Bower can 
provide them ina full range of types and 
sizes. Bower engineers are always avail- 
able, should you desire assistance or 
advice on bearing applications. 


exact face angle on the cone back-face BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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* 
: 


i ee if your problem involves 


applying or connecting power 


. .it pays to 
sively in correctly ini 
Since 1918, Tw! 


t. . 
—_ nd Flui 


and built Friction @ 


Because of this spec! 


unbiase ; 
drive—friction or flui 


industrial equipment— 


Fluid Couplings — 
Small aluminum 
type, 7.48 to 10.6. 
Large stamped- steel 
type, 12.2 to 27. 
Ranges from % to 
850 hp for motors or internal com- 
bustion engines. Bulletin 144-D. 


PO Air-Actuated 

Clutches — Spe- 

cially designed 

for operation at 

higher speeds 

with less inertia and greater efficiency, 
Model PO is offered in sizes from 
8” to 42” (up to 276,000 Ibs. ft. slip- 
page capacity). Bulletin 304-A. 


Friction Power 
Take-Offs— 
Triple-plate 
14” to 21”; 
double- plate 
52.5” to 24": 
single-plate 6.5” to 24”. Housing 
sizes SAE No. 6 to 00. Capacities to 
600 hp. Air-operated models avail- 
able. Bulletin 308-B and Supplements. 
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consult a company 
linking horsepower 
n Disc specialists ha 
d Drives for i 


jalization, 


i r 
d recommendations rega 


d—for a 


that specializes exclu- 
to driven equ!P” 
ve designed 


ust that purpose: 


Twin Dise can make 


ding the proper fYP© 


most any type heey Ory 


DO, DOC, MTS, MTU Multiple Plate 
Clutches—DO, DOC oil-actuated for 
remote control without mechanical 
linkage. MTS, MTU (both oil and 
dry types) mechanically actuated. 
Single and duplex. Sizes 3” to 12” 
—.4 to 44 hp per 100 rpm. Bulletins 
314 and 134-C. 


Models CL, E, EH Clutches—Models 
E and EH in sizes 14” to 36”, capac- 
ities 13.5 to 350 hp per 100 rpm. 
Model CL in sizes 5.5” to 11.5”, 1.5 
to 19.5 hp per 100 rpm. Bulletins 
108-F and 120-D. 


Fluid Power Take- 
Offs—Incorporate £@ 
Fluid Coupling. 
For all types in- | 
ternal combustion 
engines. Models 
14.5, 17.5 and 21. 
Bulletin 144-D. 


HYDRO-SHEAVE® 
Drives — Com- 
plete, ready-to- 
install, fluid power 
transmission pack- 
age for both motors and engines. 
Protects both driving and driven 
equipment. Capacities from 4 to 


50 hp. Bulletin 145-C, 


Marine Gears— 

Sizes, capacities 

and reduction ra- 

tios for engines from 40 to 500 hp 
—600 to 2500 rpm range. Fluid 
Coupling or Rubber Block Drive 
available. 


Three-Stage and Single-Stage 
Torque Converters—Three-stage in 5 
Series to 1000 hp, with 33 specific 
torque ratings. Single-stage in 2 Series 
to 212 hp, each with 5 specific torque 
ratings. Wide variety of input-output 
arrangements for all power units and 
industrial applications. Bulletins 
135-F and 508 and Supplements. 
2 

Today, Twin Disc is the world’s 
largest exclusive manufacturer of a 
complete line of Friction and Fluid 
Drives for industrial powered equip- 
ment. If you havea problem, consult 
Twin Disc Clutch Company, Racine, 
Wisconsin, Hydraulic Division, Rock- 
ford, Illinois. 


MDM a 
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ALL OF 


THESE VALUES PLUS---- 
Roller Bearing UNIVERSAL JOINTS for every SIZE 
Me MON 202 Pct Re Retenn and TYPE of machine, and ALL kinds of engine 
Export Sales: Borg-Warner International driven equipment. 


36 So. Wabash, Chicago 3, Illinois p L U S 
4 e Cc if Whatever your universal problem is; MECHANICS 
p y JOINTS provide definite, practical solutions. 


MECHANICS PLUS---- 


From the largest to the smallest application, 
MECHANICS Roller Bearing UNIVERSAL JOINTS 
provide the maximum torque capacity. 


PLUS---- 


Send us a print or description of your particular 
joint needs—for MECHANICS engineers’ recom- 
mendations to overcome your drive line diffi- 
culties. 
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Columbium makes the difference 


in this new fine-grained carbon steel 


The new GLX-W steel offers a unique combination of characteristics—the formability 
and weldability of mild carbon steel plus greater tensile strength and notch toughness. 


The addition of small amounts of columbium gives 
GLX-W the finer grain structure that makes this possible. 


Where design permits, the use of GLX-W can result in weight savings up to 35%, compared 
with mild carbon steel. With yield strengths ranging from 45,000 to 60,000 psi, GLX-W 
steels are recommended for a broad range of applications. For technical information, 

write to our Product Development Division, Department F. 


GREAT LAKES STEEL 


Detroit 29, Michigan 
A DIVISION OF NATIONAL STEEL CORPORATION 
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ENJAY BUTYL 


the preferred rubber for today’s new cars 


In automotive parts, Enjay Buty] offers 
5 big, job-proven advantages. That’s 
why Butyl is now specified for more 
than 100 rubber components. 

@ Advantage No. 1. Butyl is un- 
matched in its resistance to weather- 
ing, sunlight, ozone — proven in tight- 
sealing windshield and window weath- 
erstrips. 

@ Advantage No. 2. Buty! offers high 
resistance to heat and chemicals — 
proven in long-lived radiator hose. 

@ Advantage No. 3. Butyl shows ex- 
ceptional resistance to air loss — abun- 


dantly proven over the years in inner 
tubes. 

@ Advantage No. 4. Butyl increases 
shock absorption, vibration damping 
— proven in “load cushions” and body 
mounts. 

@ Advantage No. 5. Butyl’s resistance 
to flexing, tearing, abrasion is out- 
standing — proven in pedal pads and 
bellows. 

Enjay Butyl helps manufacturers build 
in extra riding comfort, extra operat- 
ing performance, for the life of the 
car. You can see why it’s first choice 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 


15 West 51st Street, New York 19, N.Y. 


Akron « Boston « Charlotte « Chicago « Detroit « Los Angeles *« New Orleans « Tulsa 
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for over 100 automotive rubber 
parts. 


For technical assistance and fur- 
ther information on how Butyl 
may help you in developing new 
and better components, contact 
the nearest Enjay office. 


BUTYL 
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Special “Ftay-BOND Adhesive 


To reduce breakage and assembly 

time of glass vacuum bottle fillers, 

The American Thermos Products 
Company, Norwich, Connecticut, under- 
took to replace an aluminum cap with 

a polyethylene protector for the evacuation 
tip of the glass filler. 


The problem was bonding the traction- 
free polyethylene to the smooth glass 
surface. Existing adhesives couldn’t do the 
job. R/M adhesive specialists, working 
closely with Thermos Company engineers, 
quickly developed a special adhesive. 


The result is a superior bonding agent, R/M’s new 
R-84002, for ‘“‘Mylar,”’ polyethylene, glass and 
other slick-surface, bond-resistant materials. 
Based on a thermoplastic synthetic 

resin, R-84002 has temperature tolerances 
ranging from —20 to +200°F. 


Regardless of your application Ray-BOND 
adhesives of new or existing formulations 
can be tailored to your special bonding, 
laminating, sealing or coating requirement. 
Your costs are reduced; your production 

is improved. Let us prove this to 

your satisfaction. Call on Raybestos- 
Manhattan engineers today 

without obligation. 


R/M Bulletin No. 700 contains 
helpful engineering information 
on Ray-BOND adhesives, pro- 
tective coatings and seolers, 
and casting, encapsulating and 
potting compounds. Write for 
your free copy. 


RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT, Bridgeport, Conn. » Chicago 31 + Detroit 2 + Cleveland 16 + Los Angeles 58 
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SILICONE NEWS from Dow Corning 


Hasier Way to Make Prototypes 


* STEP 1 sTeP2 —> 


Case History: Making 
Hub-cap Embossing Dies 


ILASTIC RTY Molds Strip 
Fast and Easy 


Silastic® RTV, the Dow Corning liquid silicone rubber that vuleanizes at 
room temperature, provides a new and better way to make prototype 
parts. This fluid rubber is easily poured into, over, or around complex 
shapes, and sets up in a short time. The result is a strikingly accurate 
mold, into which you can pour many casting materials such as plaster, 
waxes or plastics. Because Silastic RTV will withstand temperatures up 
to 500 F, many molten metal alloys can also be cast. Silastic RTV strips 
readily from most materials without loss of pattern detail. Here’s how 
one automotive industry supplier — Cadillac Stamp Co. — uses Silastic 
RTV to make templates for hubcap embossing dies. 


Step 1. A wood pattern was machined to the exact configuration of the 
hubeap design. The intricate design requires a material that releases 
easily without loss of detail. Silastic RTV has been poured on the pattern 
to make a “negative” mold. 


Step 2. The Silastic RTV mold is then used to cast a plastic. A “positive” 
image that faithfully reproduces the original pattern results. This image 
forms a template or prototype from which a pantograph-type engraving 
machine can sink dies. 


Step 3. Now we return to the rubber mold, and this time more Silastic 
RTV has been poured into it. A rubber “positive” results. The two 
rubber molds release readily and two exactly matching parts result. 


Step 4. From the rubber “positive”, another plastic image is cast. Silastic 

RTV strips off easily . . . a crucial factor. The second plastic template is 

now ready for the engraving machine to sink dies. Size is reduced by STEP S 
one-half in the process. Note size of finished hubcap. 


Step 5. Here are all the steps reassembled. Remember — both embossing __ Is there a way that this easy handling and 
dies were made from one wood original, thanks to Silastic RTV. Through- _ faithful reproduction can help you? We'll 
out the process there has been no loss of pattern detail... and exactly _ be glad to assist in adapting Silastic RTV 
matched dies have been made. to your operations, 


Free Sample. Write on your letterhead for tiret in 
data and sample of Silastic RTV. : 
silicones 


Adtines Bagh, TER Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, BD. Cc, 
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Want One 


For Your 


Lapel? 


An SAE Emblem 


¢ Distinguishes you 
as an SAE member 


e Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


GOLD on BLUE 
GOLD on RED 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


Please send me an SAE emblem. Enclosed is my 
check for $ ($1.50 plus applicable taxes). 
Grade of membership (please check) 


(0 Member (0 Associate 0 Junior 


Name ‘ ee 
(PLEASE PRINT) 


Address 
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OIL BATH AIR FILTER 


for engines, compressors and blowers 


The Air-Maze Type 
F filter provides effi- 
cient removal of fine 
dirt from intake air 
to reduce wear on 
engine, compressor or 
blower parts. 


High dirt removal 

efficiency is attained 

through its thorough 

scrubbing action. 

This scrubbing action 
is created by directing dirt-laden air into intimate contact 
with an oil pool. A “manometer” action created by the air 
passing a continuous baffle within the pool, causes more 
oil to be re-cycled than on other types of filter designs. 
Any dirt that remains in the air is then impinged on metal 
baffles. The metal baffles are kept clean by constant wash 
of the oil bath. 


Flexible in design, the Type F filter can be furnished with 
top or bottom outlets, with or without relief valves to handle 
compressor unloading or line surges. Where noise reduction 
is a factor, the filter can be furnished with silencing chamber. 


Available in sizes from 20 to 6650 cfm. Write Air-Maze 
Corporation, Cleveland 28, Ohio. Dept. S1-2. (Subsidiary 
of ROCKWELL-STANDARD Corporation) 


8 NEW and 7 REVISED 


Aeronautical Standards & Recommended 
Practices 


were Issued 


Nov. 15, 1959 
30 NEW and 41 REVISED 
Aeronautical Material Specifications 


were Issued 


Jan. 15, 1960 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 


VALUABLE 
DESIGN | 
ASSISTANCE 


1. 16-page catalog with de- 
tailed data, specifications, 
for light, medium, heavy 
duty PTO Joints & Drives 
2. Yoke drawings for design 
tracing, plus data sheets 
3. Engineering assistance 
Write today, no obligation 


YOUR COMPLETE SOURCE 


; PRODUCTS, INC., POTTSTOWN, a 4 





METRO-MITE, today’s economical small delivery truck. Components of USS COR-TEN High-Strength Low-Alloy Steel contribute to its lightness, strength, and economy of operation. 


It’s tough... it’s light... it’s the Metro-Mite 


Built strong and light with components of High-Strength Steel 


Looking for a delivery truck that can economically 
handle payloads up to 1000 pounds? One with a capacity 
of about 200 cubic feet? Or are you a stickler on low 
gas consumption? Well, here’s news about a new de- 
livery truck that combines all these advantages . 
International Harvester’s METRO-MITE, engineered and 
built by their subsidiary, Metropolitan Body Company, 
Bridgeport, Connecticut. 

One of the reasons the Metro-Mite is so popular is 
unitized body construction, with flooring, step wells, 
wheel housings and body shell supports made of High- 
Strength Steel. These sections, using 12- to 16-gage 
sheets, are welded together into a strong, firmly aligned, 
unitized structure. To it are bolted all chassis and body 
subassemblies. 

USS Cor-TEnN Steel is a remarkable high-strength 
low-alloy brand of steel that provides 50% more effec- 
tive strength (50,000 psi minimum yield point) than 
structural«carbon steel. It has four to six times the 


resistance to atmospheric corrosion, offers excellent 
workability and weldability, all at relatively low cost. 


Payoff... By taking advantage of the unique properties 
of high-strength steel, designers were able to use thinner 
sheets for various structural members. The payoff is a 
unit that weighs about 500 pounds less, yet is stronger 
and can take more punishment than previous bulkier 
models. Less weight, naturally, can be translated di- 
rectly into lower gasoline and operating costs. 
Cor-TEN Steel’s outstanding resistance to atmos- 
pheric corrosion offers truck users another advantage. 
It has been proved that paint lasts longer on Cor-TEN 
—and parts made of it seldom need refinishing. 


Dollars and sense. It makes sense to put your dollars 
to work where they offer the greatest return. And when 
it comes to steel, you can’t make a better choice than 
USS Cor-TENn. For more information, write United 
States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 

USS and COR-TEN are registered trademarks 


United States Stee! Corporation — Pittsburgh 
American Steel & Wire - Cleveland 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & Iron — Fairfield, Alabama 

United States Stee! Supply — Steel Service Centers 
United States Stee! Export Company 


United States Steel 
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SAE TYPE A, 2-bolt mounting flange standard. Foot mounting (illustrated) optional 


SAVES UP TO 4 HORSEPOWER! 
NEW WEBSTER “J” SERIES HYDRAULIC PUMP 


HERE'S HOW WEBSTER PUTS NEW EFFICIENCY Now — hydraulic power for your biggest mobile rig 
IN HYDRAULIC POWER.... and the toughest jobs you can put it on. Webster’s 
new “J” pump delivers 2000 psi — does it on less 
© fuel and saves up to 4 horsepower in the bargain ! 
It’s the result of a combination of pressure 
PRESSURE BALANCED FREE-FLOATING rey a 
WEAR PLATES — for high INTERNAL balanced wear plates and anti-friction bearings. 
volumetric efficiency; SPLINE DRIVES - Here’s top efficiency from all-new Webster design 
prevents clearance no key failures. j sain oO sa =n are ae 
changes due 0 batt. that rates 10% or more above others in competitive 
ratings. Moreover, you get equally important 
advanced features (see sectional view) to assure 
dependable, trouble-free service. 


Oo Webster “J” series pump is trim, very compact — 
fits into tight quarters, mounts easily. It’s available 
NEEDLE BEARINGS — THRUST BEARING ON a ee ae te gat ce 
power-saving, DRIVE SHAFT — absorbs in 10 sizes from 5 to 40 gpm. Ask your Webster 


anti-friction compound driving Electric representative for all the facts on this 
are. Creme, powerful new pump — or write direct 
for Bulletin HY1-1. 


OIL HYDRAULICS DIVISION 

© WEBSTER ELECTRIC 

ONE PIECE GEAR AND DOUBLE LIP SEAL ON 

BEARING JOURNAL UNITS DRIVE SHAFT — gives 

— assure minimum added protection against 
deflection and proper seal failure and dirt. 


alignment on both drive 
and idler assembly. 


RACINE -WIS 
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+ INDEX TO ADVERTISERS + 


A 


Aetna Ball & Roller Bearing Co. 
Div. Parkersburg-Aetna Corp. 

Air-Maze Corp. 

AiResearch Mfg. Divs. 

Albert Trostel Packings, Ltd. 

Allegheny Ludlum Steel Corp. 

American Brakeblok Div. 
American Brake Shoe Co. 

American Society of Tool 
Engineers 

AMP, Incorporated 

Armco Steel Corp. 

Associated Spring Corp. 

Auto Radiator Mfg. Co. 

Automotive Gear Div. 
Eaton Mfg. Co. 


B 


Bendix Aviation Corp. 

Eclipse Machine — Starter Drive 
Products (General Sales) 

Bendix Westinghouse Automotive 
Air Brake Co. 157, 

Bethlehem Steel Co. 

Borg & Beck Div. 

Borg-Warner Corp. 

Bower Roller Bearing Div. 
Federal-Mogul-Bower Bearings, 
Inc. 

The Budd Company 162, 

Bundy Tubing Co. 192, 


Cc 


Caterpillar Tractor Co. 
Century Gas Equipment, Marvel- 

Schebler Products Div. 

Borg-Warner Corp. 
Chambersburg Engineering Co. 
Chicago Screw Co. 

Div. Standard Screw Co. 
Clark Equipment Co. 
Cleveland Graphite Bronze Co. 

Div. Clevite Corp. 
Continental Aviation & 

Engineering Corp. 

Corning Glass Works 


D 


Dana Corp. 
Delco Moraine Div. 
General Motors Corp. 
Delco Radio Div. 
General Motors Corp. 
Delco Remy Div. 
General Motors Corp. 144, 
Dow Chemical Co. 
Dow Corning Corp. 
E. I. du Pont de Nemours & Co., 
Delrin 
Lucite 
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Eaton Mfg. Co. 

Axle Div. 

Pump Div. 

Saginaw Div. 
Engineering Castings, Inc. 
Enjay Co., Inc. 


F 


Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 
Fram Corp. 
Fuller Mfg. Co. 
Subsidiary Eaton Mfg. Co. 


G 


Garlock Packing Co. 

General Motors Corp. 

Gillett & Eaton, Inc. 

B. F. Goodrich Aviation Products 

B. F. Goodrich Chemical Co. 

Goodyear Tire & Rubber Co. 
Metal Products 

Great Lakes Steel Corp. 


Holcroft & Company 
Hyatt Bearings Div. 
General Motors Corp. 


I 
International Harvester Co. 


J 
Johnson Bronze Co. 


K 
Kelsey Hayes Co. 
Keuffel & Esser Co. 


L 


Lipe Rollway Corp. 
Luber-Finer, Inc. 


M 


McLouth Steel Corp. 
McQuay Norris Mfg. Co. 
116, 117, 118, 

Mechanics Universal Joint Div. 

Borg-Warner Corp. 
Midland-Ross Corp. 
Molded Fiber Glass Body Co. 
Monroe Auto Equipment Co. 


N 


National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 
Neapco Products, Inc. 
New Departure Div. 
General Motors Corp. 


Oo 
Oakite Products, Inc. 


P 


Packard Electric Div. 

General Motors Corp. 187 
Palnut Co., Subsidiary 

United-Carr Fastener Corp. 155 
Perfect Circle Corp. 2nd Cover 
Performance Measurements Co. 152 
Plastic & Rubber Products Co. 
Precision Rubber Products Corp. 
Purolator Products, Inc. 


R 


Raybestos-Manhattan, Inc. 
Adhesives Dept. 
Reichhold Chemicals, Inc. 
Rochester Products Div. 
General Motors Corp. 
Rockford Clutch Div. 
Borg-Warner Corp. 
Rockwell Standard Corp. 
Universal Joint Div. 


S 


Sealed Power Corp. 
Sharon Steel Corp. 
Shell Chemical Co. 
Stackpole Carbon Co. 


T 


Timken Roller Bearing Co. 4th Cover 
The Torrington Co. 22 
Twin Disc Clutch Co. 196 


U 
U. S. Rubber Co., (Naugatuck 


Chemicals) 175, 188, 189 
United States Steel Corp. 204 


Vv 
Vellumoid Co. 


w 
Wagner Electric Corp. 138 
Waldes-Kohinoor, Inc. 159 
Wausau Motor Parts Co. 3rd Cover 
Webster Electric Co. 205 
Western Felt Works 10 
Wilkening Mfg. Co. 128 
Wisconsin Motor Corp. 126 
Wyman Gordon Co. 170, 171 


Zoliner Corp. .. rae . 12 


SAE JOURNAL, FEBRUARY, 1960 





The workhorse bearings in the NEW Turbine Drive Buick “60” are HYATTS 


From the transmission to the differential, you'll find Hyatt bearings taking the heavy loads 
in the new Turbine Drive Buick “60°. Experience proves that Hyatt bearings are your best choice 


for automotive applications . . . or wherever heavy radial loads are encountered. 


In Buick’s differential carrier, a pair of Hyatt bearings are used to support and align the vital 
drive pinion. Another pair are used to support the ring gear and differential assembly. At the 
other end of the power train, you'll find Hyatt rollers are an integral part of the Buick transmission. 


Take a leaf from Buick’s notebook and you too will avoid taking chances with your 
product’s reputation. Where bearing loads are heavy, remember . . . You are safer if your 
specs read Hyatt. Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey. 
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| MAGNESIUM 


MAGNESIUM DELIVERS 4 TIMES 
MORE DIE CASTINGS per pound than zinc! 


4 pounds of magnesium make... 


4 pounds of zinc make... 


Magnesium die castings have a long history of successful 
application in automobiles—and for several good 
reasons. You get more volume of lightweight magnesium 
per pound, thus you get more die castings per pound. 
Aluminum, for example, is 50% heavier—zinc and steel 
four times heavier —than magnesium. You save on 
production costs because magnesium can usually be die 


cast 50% faster than aluminum. It can be machined 


faster, too. 

If weight or time saving is your problem, check mag- 
nesium with your die casting supplier or write to: 
Automotive Development Engineering, Magnesium _ 
Sales Dept. 1100EN2, THE DOW CHEMICAL COMPANY, 
Fisher Building, Detroit, Michigan. 


A FEW EXAMPLES of the many automotive parts die cast of magnesium. 


Instrument panels and bezel rings 
Fan spacers 
Steering column parts 


THE DOW CHEMICAL COMPANY 
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Engine Parts, including: 
Generator end plates 


Starter end plates 


Fuel pump cover 
Main bearing oil seals 
Drive parts 


MIDLAND, MICHIGAN 
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AMERICA’S MOST MODERN PISTON RING PLANT ©° 


If you're thinking about 
VALVE SEAT INSERTS 


... these WAUSAU facts may help you 


1. Any kind of insert you may need for any purpose, 
can be obtained from WAUSAU ... high nickel con- 
tent, cobalt-tungsten-chrome, chrome -molybdenum, 
bi-metal . . . in fact, you name it, we make it. The 
WAUSAU insert for aluminum engines, for example, 
helped make such engines successful. 


2. WAUSAU inserts are compatible with valve mate- 
rial, correctly matched to expansion characteristics of 
block or head, stable at high temperatures, highly re- 
sistant to impact and corrosion. 


3. Inserts are manufactured in WAUSAU’s new 
factory, regarded in the industry as one of Amer- 


ica’s most advanced plants for the production of 
precision parts. 


4. Maintenance of close tolerances in volume out- 
put is assured by specially designed WAUSAU ma- 
chines and processes, quality controlled at every stage 
of production. 


5. As pioneer and leading producer of valve seat 
inserts, WAUSAU has experience and development 
data of unusual value to its customers. 

Your inquiry will receive prompt, personal = 
attention. For information and technical bul- em 
letins, write 


WAUSAU 


MOTOR PARTS COMPANY 
Manufacturers 
2600 Eau Claire St. « Schofield, Wis. 


PISTON RINGS 





“Toughest” inspection in the steel business 
assures you utmost uniformity in Timken forging steels 


You can always be sure your forged products made 
from Timken" steel forging bars will have uniform 
quality. One big reason is the rigid, 100% Final In- 
spection we give every bar. Examination is so thorough 
that our Inspection Department is known as the 
toughest in the steel business. 

You save money, too, because of the uniform quality 
of Timken steel. It is remarkably uniform in structure, 
chemistry and dimension from heat to heat, bar to bar, 
order to order. And because we handle each order 
individually, we can target our procedures to your 
end-use requirements. You don’t have to interrupt your 
operations to make costly equipment adjustments. 


Important to our operations is a new Metallurgical 


Research Center, one of industry’s most modern. Its 
facilities range all the way from an experimental melt- 
ing laboratory to one of the industry’s finest technical 
libraries. It is designed not only to improve our own 
products but also to solve customer problems—your 
problems. 

When you buy Timken steel you get: 1) Quality that’s 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 


For the most from your modern forging operations, 
specify Timken steel forging bars. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable: “TIMROSCO”’. Makers of Tapered Roller 
Bearings, Fine Alloy Steels and Removable Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS TUBING ARE AVAILABLE FROM WAREHOUSE STOCKS IN 44 CITIES IN THE UNITED STATES 








